^mi^mnt \.xmm±mmfj:it^mx'h^ (s) -2— o-^/^/^xfi (s) - 

(s) -2--<>^/-/^X(± (s) -2--^^-t^/-/^^Miti-5:&^t-P^^-r5o 

is) -2-^:y^ /-/uh^^^n (s) -2-^^-^ y —/u^it^m^imit-r^ 

■)5mt UTti. m-k.\-t. 2-^1^-^ / :y\:Ln\^-^V T ^ YT J =7 ^ Y 

V^ei^bJsfeSx^/Ky-^-^^ET-e^lTC^fT^;^^ (J. Am. Chem. S 
oc.Vol. 123, p. 5956-5961. 2001) 2-^^^ 

/i/^;l^b^^^^4^^;y^fflv^T3S7E■r^::^fe(#^¥l 1-240 8 9 A.^<ik 
^*:^^^-r'5;^l*^5^e>tt-CV^5:as (il#M¥l 0-4 9 9 8-^<2^^). 



1 



n2—^^'9- y >^KWL±m^i^m^'^^ :i t x^m^-r^:^miT e t r a h e a 

r o n : A s y mm etry, vol. 14, p. 2659 — 2681, 20 

mi^(D^mi^t\^xmm^s:it^!!^xh^ m:tit^ 511^^18^00/24358 
^^^-^ ^^:yi^>^m^<Dmm&^mi^t\.xm.m:^tix\^^^ m^it. #p?sbs6 

2-2 6 5 2 7 9-§-<2^^^#HB,o)o 

^t>m^^tlX\^^^ (J. Am. Chem. Soc, 1950, 72, 4695)o 

■f -S^^JfiVK 0/5^^?>i^TV^^ (^y^fix J. Am. Chem. Soc, 195 
0, 72, 4695, J^XJ^N ouveau Journal de Chime, 

2 



1 9 8 5, 9, 5 5 7^#flgo)c b^^i^U^ \^^-rtlhRJt^m'^(DmMti:M^U. — 

mmmmx\ t)^-:>mu (is or) ^-^^mt-r^ztm^h. nm&^mmnmm 

■^S;^^ J. Am. Chem. Soc, 1993, 115, 801^ 

0m.) ^m^^rijm-r^:^m (^j;tf^> org. Lett., 2002. 

-:fj.mm'pxi 0 0-15 o''cmm(Du^xR}t^^n 0 mh^tbtixi^^ m 

;tf^. J. Org. Chem., 1983, 48, 2994 ^#^.„) ^IK$$b 

ife («^y;t{i. mn<ikm^O 0/2. a 3 5 S-^^^'^^l^^y h^^HBJ ;5S^P>tLTV^ 

>'^/Wn:/^aci;:^X/KD-a-^jfei: LTfi. ^^1, 4 -#;!]PSJC&-r-^^-r -Si^- 
fe (^ll^f^x T e t r a h e d r o n Asym., 2001, 12, 1151^ 
;55^e.tLTV^5;65^ VNfci?) (ft:^5 0%ee). 

3 



oi^n hi^mmmm^M-r^mmmnm(ommjts m^t^. He i v. ch i 

m. Acta., 1 9 8 5, 6 8, 2 1 2 J ^>^htlX\^^^. r 

v\ ^fc. ^±^it^m(Dyt^^m imx.ii. #5bbs6 2-2 e 5 2 7 9-^<2^# 

7l^H#llF^ 5136020-^. RXJ^T etrahedron. 1 9-77, 33, 
2 8 9$r#HS,o) t>^?5i^TV^-5;5S. ^S|5g^^o{£i!x^-efc5#<^^JH;i5fcofCo 

*fc. ^^^-141 -7<^/l^:/^/WD:/^(D'g'^^!jf^^§^^ (J. Am. Ch 
em. Soc, 1 9 5 0, 7 2, 4 6 9 5 ^^Mo) . y'^'^ittm<'^^ >M=^ 

1 -^^7V'^^/Wa>m{-^^bfc^S^^0^^'9igbTt>. 7 0%e e^^ 

$ ^(vl. Tt^^ttl (Nouveau Journ 

al de Chime. 1985, 9, 5 5 7 Sr#HR„) . ilfeU^lilltJtttttTC^-^ 
^^/l^^^XfcTt^^Stt 1-^^/1^:7' ntVl'-x'Ci^/®? (J. Am. Chem. So 
c, 1980, 102, 7 344^#Bp,o) (D-a*^^!!^^^ ^ttT V^^o b;i^b. 

^">'^-ecDS^^(^^{c::*c»(^^^^iii^^^-r5 (5 0{^«i:^») :Lh. 
KJ^?(-4ev^Ti«?a (180°C) ^i^^^ir-r-Sr i:. :^ ;^ h ^^^i«< '^^^T-^^/^v^ 

4 



:$i^m(Dnm'i. J: «9^^i^^<Di«VN (s) -2--<>'^ y — /i^fe^VNfi (s) - 

2-^^-^y—/l-.B^V<\'X^^mm9 9. 0%e. e. U±<D (.S) -2--<>^ 

lb . -hfS^S ^^^-f- s fc 46 j;i . ( s ) - 2 ^ ^ y 5 V ^ ( s ) 

(Brettanomyces) JR?'^ if ^ fc-5®0^^^^ffl ^ i: J: «9 . 2--<>- 

>'fc5v^{i2--^=¥i^y b-c (s)-2-o-^y— /ufesv^fi (s) 

bfC. ilB^^^ICO—o^ bT-rf-^oL^^T (Issatchenkia) Jl^^^^I J: «9 2- 
^^^^5^7 ^3?:«2— ^'^ilTcUT (S) -2--<>'i5'y — /l^Xfi (S) -2- 

M^/6-oii5ms-eg6^4^ (s) -2--<^/^y-/^^^v^^i (s) -2--v^i^y — 
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(1) m.^m^\.<\mm.u^w-m^. wii^^m^\.<\iMuvmm. mm± 
b < \^uj^^mm. Rxj^xxn. nn^m^ u < iftrnm-^^hnhi^^ tt /i^/i? 

=^)vm^mmm':^<Dw^mm^\^<\-t.mmm-^. 2-^1^9 j :y\z.^m^^. (s) 

^^t;iJ:5|ilMa^U^iVN^mft:^2— O-^/^/lCf^ffl^itfcb^ld. 9 5%e. 

e. Jejl±(05fe^^St^ (S) -2-^^^y-/i-^^^-rsr ■A>-d^(D 

- 2 --^ ^ 1^ y -/i-^^iff - 5 ^fe-c o r . m.W^mm u < f*?f^® as ^ 

^j^t^ i -5 tu^a^ b V ^^mW^ 2 -9- 7 fpffi $ iJrfc ^ # . 9 5 % e . 
e. i^>l_ho^^)|!fi^(D (s) -2---=^-y-/-/i^^ifc^-r'5::<h;&s-e^^ t^-D^co 

^014:65 1 mg (S) -2-^^1^y -/i^/ g ^itffi^*:mS/^rBl g^^-h-CfeS:: 

(3) 2-^i/i?y^X(i2--^=^ri^y^{3:, T^'l/^/^y-x'^-fe;:^ 
(Brettanomyces) Jg^ ^-^'V-T^-f^ (Candida) JJ^/I^T^T (Hortaea) 
i^^3i>'^T (Issatchenkia) JS^ a 5/7^0 -^'^ -fe (Lodderomyces) 
T (Pichia) JR^ n K h/l^^ (Rhodotorula) Jg^ T/^^^ ti ^"^r^^ ^ — (Arthrobacter) 
JS , •^\^\^/<'!7 7-^)t?J^ (Brevibacterium) JS. iJ^/l^h^^^T^y^^A 
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(Crutobacterium) J| ^ ^ :^ ^^f- :^ (Geobacillus) JS^ ^^ay^^J^T^yrj^Js. 
(Microbacterium) Wk^ ^ n V ^ (Ochrobactrum) M > ^^"7 ^ tt 7^ 
(Paracoccus) M . U y A (Rhizobium) Jg^ n K 5' :^ ^ (Rhodococcus) 

(s) -2--^>^$'y-/wx(i (s) -2--^:5r1^y — 
<b-r5ffi7t^M^ (s) -2— <Vi5'y-/i'Xfi (s) -2---^i^/-/^<^Mit:fe■ 

( 4 ) 2 >'^y>'X«2--^^ihy:/(e:. 

(Brettanomyces) JR^ ^ ^ (Candida) JR^ i^}V=TT (Hortaea) JR., 

•^^:x.l^^T (Issatchenkia) Wk-. V2 -y 4 (Lodderomyces) JR, 

T (Pichia) Mx o K h/l^^ (Rhodotorula) JR. T/t';^ n/^y ^$7 — (Arthrobacter) 
JR , y y 7^ y A (Brevibacterium) JR. y/^h^^^T^y^^^ 

(Crutobacterium) JR , ^y^^^^/]^::^ (Geobacillus) JR. 5^ci/^^v^yr>3. 
(Microbacterium) JR. (Ochrobactrum) M . ^^"7 =^ -y :^ ^ 

(Paracoccus) M> U y tf ^ M. (Rhizobium) M> o K y ;^ ^ (Rhodococcus) ^ 

^mm^-^fcjfm^m^mm. mmm^fimm. mmn^i^mm. Rxj^yju-i. mm 

(S) -2— OiS^y-zuxfi (S) -2--^^l^y-7U'^^^$ii:6::i^#mi: 
(s) -2-<>'>5'y-/V'Xft (s) -2--^:3?^i^y-/KDM5t^rfe„ 

(5) y'' U 5^ y ■x' i? ;^ • ^^Vv -fe >- (Brettanomyces 

bruxellensis) . ~f \^ -y ^ J ^ -^^^ • y J y y^ (Brettanomyces anomalus) . ^ 
i^T^ • '7r'^^^ (Candida f amata) . ^ ^ ^-y^' ■< ' ^ /I'-fe (Candida 
krusei). ^^ly'f ^ ¥ - ?\^Y—^ (Candida maltosa). ^^^^'f ¥^ * hat" 
y ;^ (Candida tropicalis) . ^^lyf-i^^'-t-^^J^^:^ (Candida 
zeylanoides) . Hs^fV^'T ' ^ f^^y^ (Hortaea werneckii) . zi.l/'^T' • 
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:^^^zi.'7~^ (Issatchenkia scutulata) ^ a :>/7^^n -v^-f -fe;^ • >-:/;^/Jf ^ 
^ (Lodderomyceselongisporus) ^ tf • T >^:7^^ ^ (Pichia angusta) ^ t°^T • 
-^:y*fe-f (Pichiabesseyi), \f^T^iO^Vy^'7 (Pichia cactophila) ^ t'^ 
T • ir tr^^i^iy;^ (Pichia segobiensis) , \f^T • (Pichia 
spartinae), t'^T • Y\y/^xi'7^^ (Pichia trehalophila) , n Kh/l^"^ • ^ 
y^ — ^ (Rhodotorula minuta)^ T /^p ^ • ::*"=3f^ v"^">^;^ (Arthrobacter 

oxydans) ^ T/l^^ xi/<^ ^ — •/Kl? ^ (Arthrobacter polychromogenes) > 

T iVT^n/^^^ ^ :3^y<.t°— (Arthrobacter sp. ) , T/l^:^ /-^^ ^ :^;V'yxJ. 

;^ (Arthrobacter sulfurous) , \y \f /"^ ^ T ^) - ^ id 

(Brevi bacterium butanicum) ^ i^ah/^^^j;i[>J\->^^^:3Li^>^r 
(Curtobacterium f laccumfaciens) ^ • J^'Z'Tni^^ — ^37^^;^ 

(Geobacillus stearothermophilus) . 5;:^n/"^:^?''7^y^A-^^^yy A 
(Microbacterium keratanolyticum) ^ ^r^^a/'^^t^^T^yr^A-ih'^/l/^"^ 
(Microbacterium saperdae) ^"S^ ^ xi ^ ^) t** — (Microbacterium sp. ) ^ 

x^./'^^'t'^) ^ J>s • -T-^^^-fe A (Microbacterium testaceum) ^ u/^ 
A • T h CI t"— (Ochrobactrum anthropi) ^ :^ ^ xi ^ V "7 ^ * :x.::x,\f>— 
(Ochrobactrum sp. ) (v-^— K^"^;^ • V ^ (Pseudomonas ovalis)) ^ ^ 
yti:^ • V3 (Pracoccus denitrif icans) ^ y tT • ^ 

^ ^ — (Rhizobium radiobacter) ^U^x XiY^vio:^-^:^\f — (Rhodococcus 
sp. ) ( :^ y ^ ^ -7^ y A • /^-i K t2 /V /J< >^ ^ ;^ ^ A (Corynebacterium 
hydrocarboclastum) )t^hfi:^'^i.^m 5 ^^^^t^ mWi t "T ^ -h 

IS (3) (4) t;iffi«c0^it^?io 

(6) 2-^>^^y ^Xtt2-^:3rH^/ (A) ~ (F) cDfpr^d^(DD 

^ii:. (S) -2--<^^^/— (S) -2---^:3ri^y— /i^^^^^iir^r 

^^t^^iii^^^^ (s) -2--<>^^y— /wxfi (s) -2--^^i^y — 
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(c) mmm^i\z.um<oT^ ymmmt 5 o%u±.(onw\'&^m-^^r ^ / n 

(D) iB^J#-^2{;i|E«(DJ^Sga^J^W-r-5DNA„ 

-/I- ^-^^-r ^ tg;^ ^ ^-r ^ >'^^ K ^ =« - K-f - s m^BB^j m-r -5 D N A„ 

(7) TIB-flS:^ (1) 



(^tf>. RM*j^m^3~5 c^T/l-^/l'S^^b. *{l^^;K^^^-ro) 
-e^^ixSTt^Sti^^-rS (R) Xii (S) - 1 - p« ^/UT7l-^/U^ n i^®?:Sr 

i-r^. Tffi-^^ (5) 




CO2H ( 1 ) 




(5) 



xm^ti^ (R) (S) - 3-^^/u:*/i-:^<^^^(7)Mjt:fe-&o 



(8) Tia-^^ (2) 
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OH (2) 

(3) 

X (3) 

(9) 

xm^ti?>mm^mmtRjt^^'^. tib-^^ (4) 

r^4y«' 

R' (4) 

(1) 

C02H ( I ) 

xm^ti^ (R) Xf* (S) - 1 -p«^/i'T/v^>'^^cii^^(Z>^3t:&-?feo 
(9) TIS-^^ (1) 

CO2H ( 1 ) 
10 



(^f. RMi^^^3~5 0T/V'=^r/l'S^^b. ^li^^^m^Tjk-To) 
X^m^n^yt^m^7!>^9 0%e e^±X'h^ (R) - l-p«^/WT/^^yl--rn> 
Xii. (S) - 1 -^^/UT/l'^/^-en i/^o 

(10) R'7i>n--;^^\i'/\-mxnn-y^/i^mx-h^:it^<'^Witir:^±td. 

(9) (C|5S<D (R) - 1 -^^/WT/U=3r/U-^ni^^^. XJi. (S) -l-^^/I^ 

(1 1) 2--<-^^ y:^tRmvx (s) -2--<>'^y-/i'^ifc^-r§f&tt^W 

mii^x^m^m^v^j:\^^^mi^^2-^i^^ y lyi^Yfm^-^fct^ic. 9 5%e . 

e. ^±(Dyt^m^(D is) -2-^1^^ y^/i^^^^-r^^ikii^X^^ ■b>^^(r> 
r ^^#mi:i-^±l5<D'^^#>^b< {Iff^K^m^^fflJiS. ^^^^^^ L- < {ilfflJ!S 

f^ffl^-^. (S) -2--<:/^y— /l-^<b'^^b. #^tLfc (S) -2-^>-? /-/U 

:^/i'*^/Wb^J^S^&$-fr^^^(-<J; t). TIB— (6) 

^ (6) 

(^^i, R^'fin -:/c3 tVw^T'fe <9 , X{i>!i7U7}^— /l';*-^:^S^^-t"o) 

(1 2) 2--^:¥i^y ^'^s^Sb-c (s) -2--^^i^y'-/i^^^^i-^Stt^W 

mi^x?>m^m^\^ti:\^^^mi^^2-^^-^yi^ici^m^^fct^K. 9 5%e. 

e. J^±(D5fe^^-^0 (S) -2-->^^1hy— /V^^t^-r'5^^;0^-e^. t^^^CD 
itmttjaSlOmg (S) -2---:¥f-y-;W/g^j^®#:a»/^PH^ i^±T'fe^ 
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f^ffl^-^. (s) -2-^^^/—/]^^tm^v. #^ttfc (S) -2-^^1?-y-/V 
:;^/]^:i^=^MtmtRft^^'^^:LticXV . TIE— (6) 

^ (6) 

(1 3) (6) -e^^tL^S^t^^ii^^. m^#^ET. 

(9) 

(9) 

T^^tb^^m^^^J^^J^^^-^, TIS-^^ (7) 

R' (7) 

-e^^tb6^^fsmb^i^t^|gt^-rsxm^$^{--^tp. -hiB (11) xfi (1 
2) {c:|ES<o;fe-ife„ 

(14) (11) Xfi (12) JC|amo:;^fet-<t «9#e>tLfe:— (6) "C^ 

:^«#lST. (9) 



(9) 
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xm^ti^^m^mmtRit^^'^. ria-^^ (7) 

(7) 

i^^^ R^RxfR^ i-xmutmmxh^o R''nn-zfct}i'jumy.i~in--^^^ju 

CO2H ( 8 ) 

XM^ti^ (R) -l-;<^/>y^/i^-^^l^mxli (R) - 1 -pt^/w^^^/w 
-^n^^td^^-rsr (R) - 1 -^^/w:/^/i--^o^^^Xf* 

(R) - 1 -y ^/^^V^/^-^cr.>-@?c7)^it:fe-&o 

(1 5) ±tB (11) (1 2) ictim(D:^m^x^nhthfc—^^ (e) 

(9) 

/S^^-To rr-r% R^ tR^\-i-i^tf:i:^xm^mm^m^l.XhX\^\) 

x^^th^mm^mmtRft^:^'^. tis-^^ (7) 

R' (7) 

(^tf. R^J^T^R'(iHulBilRl^-Cfc^o R''{in-:7°t3fcVwSX{in-:7^^/^ 
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CO2H ( 8 ) 

X-^^n^ (R) - 1 -?^^/i^zf^/i--^ui^mXi-i (R) - 1 f^/u-^v^/w 

^hi^mhtitc (R) - i-?t^/uy'^/i"^u-^mjLn (R) -i-p«^/i--< 

(r) - 3 - ^ ^/i^-^^iJ' 

*^^lcJ:-5 (s) -2— <^^y— /wx{4 (s) -2^=ari^y— 
t^if^ffl^-^. (s) -2-^>i5'/— /v- (Xf4 (s) -2-^:¥ify-/W ^istitf ^ 

^0f$:^2--<>'^y > (X}4 2--^dri^y » (C-f^ffl $-^fc i # (C, 9 5%e. 
e. i^;l_L07t^^^<D (S) -2-^^iJ^/-/V (X{4 (S) -2-^:3ri?-y -/W 
^^^i-Sr <i:dS-C'#. ji^O^O^m^S Img (S) -2--<>'i5'y-/U' 

(s) -2— Xg^^S^fii/B^PsI J^;±-t?fc^r 
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t^K. 9 5%e. e. ^±(0%^n^(0 (S) -2--<>'^?y— (Xfi (S) - 
2-^^^y—;V) %^fe^-r^r ir^^T't. ;^^o-e<7)^0'14;55 1 mg (S) -2- 

^^"^ (xfi (s) -2— ^^-t^-y-zv) /g^^t®^*:«»/^r^^ u±.x- 

(^)Ma^ie:^gt-r'5m^^^*fc^l?fm^^^^*:^ll^^fflV^fc (S) -2 s^iS'y 

-/I'Xfi (s) -2-^^-^y—/\^mm.:)7Wi\t. mmMi^mtibmmti^f)^*^^. 

(s) -2-^>'-$' j—/vjL\'^ (s) -2--^^-thy— yuo^^j^^fig 

5%e. e. ^^_b-efe4^f^J;V^^S. 0*b<f*9 8%e. e. £;^Ji-Cfcl9, 
b< (19 9% e . e. J[^±-efcSo 
*fc. (S) -2— O-^y— /WCOV^T^D^|lt^f:i. Img (S)-2— O-^y 
g ^i^®«s:m*/B#r^ i^;l±l?fettl^J;v>;6S, $f^b<{i2mg (S) - 

2^^-^ y -/w/ g m.^-mw-mm/mfii i^±-e*> 19 . $ h\z.m-i^\^< « 5 m g 
(s) -2-^'^i? y -/uy g^mmi^mmym^ ^±-ch^. ^hiz.0^v< 
momg (s) -2-^-^if g^nmMW^^/^m i^A±-e*>t). 

^Ef^b<«:2 Omg (S) -2— :>'^y-/v/g^it®M*/^ra Je>^-bT*fc 

So 

Sfd. (S) -2-^^f-y — /^^;lOV^T^7)4feM^:t{*x Img (S) -2-^dr1^y 
wi^/g^Mffi(*:li»/^ra m-hT'fetl,^^J;V^;as, 0^U<fi2mg (S) - 

2 — =3E^f-y-/^/g^^®^m»/RtW i^_h-e$>'9.$ ^f-^f^ b< ttSmg 

(s) -2--^^-^y-/\^y s^^Mi^mmymm &.±x*;h^. $^t^^!f*u< 

filOmg (S) -2— ^:3M^y-/V/'g^j^ffi^M»/^^ j^±-e$>l9. 
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i-^if*u<fi2 omg is) -2-^^'^y—7i'Xsm^mwmmxmm u±X' 

$fb(C$?^L< (i5 Omg (S) -2— ^:¥1^y-/^'/g^j^0^^fi»/^ 
m i^^_hT*fcl9. #lC$f^b< fil O Omg (S) -2^=3f-f-y— /U/g^^t® 

^mm<D (s) -2--<>'^5'y — /I'Xfi (s) -2 — ^i^y— /KD^3t;^&(?>— 

:*:^P^^;l>ffiv^6;<7/^7}?c:^/^'ig5c^^^±2— <^^t?y >'Xfi2— ^=¥i^y 
(s) -2--<>'i?'y-/wx{* (s.) -2---^:3E-f-y-/i-^ife^-r^^ <!r75s-e#^^ 

X#5o 
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/W-if^/^il7£^^^=3- Ki--5DNA^^g6bfc^. ^tL^^tCiiS-tOilfe^X 

4fe^#>> -C^ilX-fi. ZfU-y^y-^^-^::^. (Brettanomyces) M> =Sr ^ ^'t^^ (Candida) 
JS. */V7^T (Hortaea) JR. -fif^^^^'^T (Issatchenkia) M ci 5/ -7=' D >r -fe 
;^ (Lodderomyces) t'^T (Pichia) JR. a K h/^^ (Rhodotorula) T 
jvy. X2/<.^ (Arthrobacter) >^ t'.'^ i^TV "^J^ (Brevibacterium) M^ ^ 
h^^^ 7^ y A (Crutobacterium)JR. (Geobacillus) JR. xi/<^ 

y !>-A(Microbacterium)JR. -^7 vi /^^ h "7 ^ (Ochrobactrum) 
5^ :>5? (Paracoccus) JR . y If r> (Rhizobium) ® . n K ;^ ^ (Rhodococcus) 
mii'^hfJi^n^^mi-tfl^W^^. 0t.V< «^i^^^:/^T (issatchenkia) 

^-i^-^^^^T (Issatchenkia) MMMt LTfi. -TI^-^j^^^^T • y^^^^ 
^ — MM^^ ^ ^ =^ ^ (Issatchankia scutulata var. scutulata) 

— ^ (Issatchankia scutulata var. scutulata) JCMl 8 2 8^S>fe 
^^^i^WM^ (Japan Collection of Microorganism (J CM)) J; A^rTh^ 

y -fe;:^ (Brettanomyces) JR. ^^>'X -f :^ (Candida) JR. ^n/^t^T (Hortaea) 
JR, o 5/7=^0 -^^-fe^^ (Lodderomyces) JR. t°=^T (Pichia) JRi^JR-f-^ 
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$f?J^^*b<fi. yv-y^y-r^-t^-y'/U^^-tU^^iy^ (Brettanomyces 
bruxellensis), ^ ^ ^''r ^ ' h a t:°;^7 U ;^ (Candida tropicalis)^ ^^^7^ 
^ ^ . 7 y ^ y^;^ (Candida zeylanoides) ^ /J^/Ut^T • ^ 31 y ^ (Hortaea 
werneckii)^ n -fe;^ •:31a (Lodderorayces elongisporus) ^ 

t'drX .-fe-rf- l^^c^/v^;^ (Pichia segobiensis) . • ^^^^VWt^ (Pichia 

spartinae)^ T /l^::^ ^ ~- • rJ^P fcfTj^yU^ ;^ (Arthrobacter globiformis)^ 

T/l':^Uy'<^ ' :t^drv'y>';^ (Arthrobacter oxydans) ^ T/^;^o/<i^^— • 
/Ky — if (Arthrobacter polychromogenes) ^ ^ 1>A ♦ 7 

^^^377 (Curtobacteriumflaccurafaciens)^ ^:^/^=f^iV:^ - ::k'tTxi 

— ^' ^ ^ (Geobacillus stearothermophilus) ^ 5;^n/'^:^^7^yr>3»» 
^ -t ^ M. (Microbacterium testaceum) ^ ;^"^ci/<:J^h^A«T^^hnt° — 
(Ochrobactrum anthropi)^ h ^ A • -3^;^ b:° — (Ochrobactrum sp. ) (i^ 

:x— K^^;^ • :^/<y (Pseudomonas ovalis)). ]) ^tf !>A • 7 v^;^-^^:^^ ^ — 
(Rhizobium radiobacter) '^^(Dh(Oii^^\/'' hth^o 

Mci^^i^i^. y'l^y^y^^^:^' ^ -fe 1/ v- (Brettanomyces 

bruxellensis) NBRC 0629, ':f \^ y 9 J ^ ^7^- -fe l^^- v-;:^ (Brettanomyces 

bruxellensis) NBRC 0797, ^^ly'f ^ ^ ' h a fc*;{; y ;x. (Candida tropicalis) 
NBRC 0006, A ' "7 / ^"f:^ (Candida zeylanoides) CBS 6408, 

-f y • 7 / (Candida zeylanoides) JCM 1627, ^/I'T^T • ^7 

ji/l'^^/dr (Hortaea werneckii) NBRC 4875, xi -yf^-^^^:^ • rep 

(Lodderomyces elongisporus) NBRC 1676, t'^^rT ' ir tfrO- (Pichia 
segobiensis) JCM 10740, \f^T - y^/^jV^- ■< (Pichia spartinae) JCM 10741, 
T/W;^n/^^^— • :^(Arthrobacter globiformis)NBRC 12137, T 

/lxXn/-<i>^— . (Arthrobacter oxydans)DSM 20120, T/l^^n^^^ 

^ — • /K y o ^ <5r if (Arthrobacter polychromogenes) DSM 342, i^^l^h^<^ 
TV iJ'A • >'^=¥:a.>'r v'^>';^(Curtobacterium flacciimfaciens)ATCC 12813, 
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• ;^7^Tni^— ^:7w ^><.(Geobacillus stearotherniophilus)NBRC 
12550 , ^ :^ ' :^'TTxn-^^^y^^;x, (Geobacillus 

stearothermophilus) lAM 11002 ^ ^ :t ^< "f- /i^ • ;^7^TcI1^'-^:7^^;^ 
(Geobacillus stearothermophilus)IAM 11004^ ^^ty^'^/l^::^ • ;^xT o if— =e:7 
>r (Geobacillus stearothermophilus ) lAM 12043^ 5:;J'ny^^^yrj7ix - 
;^ iJ'-fe |^7i5» (Microbacterium testaceum) JCM 1353^ :^^uy<^ h ^ • T > h ^ 
H'— (Ochrobactrum anthropi) ATCC 49237 ^ :^ ^ n y< ^ h ^ J>> .acxt'' — 
(Ochrobactrum sp. ) (v'=l— K^-^;^ • ]) ;^ (Pseudomonas ovalis) )NBRC 12950^ 

n h ^ A • (Ochrobactrum sp. ) (i/^— K^-t*:^ • V :^ 

(Pseudomonas ovalis)) NBRC 12952^ ^ir^ tiy<^ h "9 • J^:^ t"^ (Ochrobactrum 
sp. ) (v'n-— K^-^^ • ]) (Pseudomonas ovalis))NBRC 12953, V ^ t"«j7 A • 
9 v^;^/^i?:? — (Rhizobium radiobacter) 1AM 12048 ^jfetO b<ffi 

2---^:3rf-y >'{Cf^ffl$-y:6r ^{ClJ; 19. (S) -2— ^^i?-y — /l-^Mit 

5':5'y-^^ir;^(Brettanomyces)JR, ^^l^'f^V (Candida) JR, ^i^^3i>'^f 
T (Issatchenkia) Mx d 5/7^0 -v^ -fe;^ (Lodderomyces) \f^T (Pichia) 
^ (Rhodotorula) Sl-«-r^^^i^*5l€0 <D;^S^^ U < ffl 

h(0^-X:^ -f\^y^J-^^-^7.'TJ "7 (Brettanomyces anomala) , 
^^^'f ^ ¥ ' y T-^^^ (Candida famata). ^ ^ l^^r ^ ' ^ f^''^ ^ (Candida 
krusei), ^ \ :y'T ^ ^ ' V^'^ (Candida maltosa) , ^ l^'f ^ ' "7 
y ^ "tTs (Candida zeylanoides) , -i' i^^o: >'=^T • ;^ ^ ^ — ^ (Issatchenkia 
scutulata), ci y^xi-^y^ -^7. 'Oi-xi >'v^;^7K^^ (Lodderomyces elongisporus) , 
t°drT-T^^i^'>^i5' (Pichia angusta),t°=^T-;^i^ Vy ^ ^ (Pichia cactophila) , 
t°=¥T • -fe^f't'^^v'^^ (Pichia segobiensis), t°=^rT - ^^'/^o:7^^ (Pichia 
trehalophila) 'BlO-^ Vl Y Y f\^7 - ^^ — ^ (Rhodotorula minuta) ^^(Dii<D 
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-fX^y^J-^^^:^ • T y -V— ^ (Brettanomyces anomala)NBRC 
0627, ^^:y=f ^ • y r-^^^ (Candida famata) ATCC 10539. ^^Vy^V^* 
i7 JV^>( (Candida krusei) NBRC 1664, ^^^/'f y( ^' {7 )V^y{ (Candida krusei) 
JCM2284. ^-v- Vy^-f • i^/V^-fe^ (Candida krusei) JCM2341, 

h —i^ (Candida maltosa) NBRC 1977, ^ -r i^xV ^ ' irV J 4 "f^ (Candida 
zeylanoides) CBS 6408, f-^a^ >'=¥T • >^ 7 — ^ ^a:^ ^ ^ 

(Issatchenkia scutulata var. scutulata) JCM 1828, o ^/T^u-x'^-fe^ ♦ 
n>>?;^7K^;^ (Lodderomyces elongisporus) NBRC 1676, t°^T • Tl^-^:^^ 
(Pichia angusta)NBRC 1024, \f^T • T ^ (Pichia angusta)NBRC 1071 t:° 

=¥T • iJ^ h ^ (Pichia cactophila) JCM 1830, \f^T • =f fa^Vv^;;^ 

(Pichia segobiensis) JCM 10740, \f^T - h X^/^xi-? 4 =7 (Pichiatrehalophila) 
JCM 3651 ^t>\ n K b/^^ • — (Rhodotorula minuta) NBRC 0879, T/W 
;;^C3^-?^^— (Arthrobacter sp. ) DSM 20407, T - 
;vy V-ry :^ (Arthrobacter sulfureus) {rf 1/ IfV^'^ ^ y >>A • i^/^:7^'r>A 

(Brevibacterium sulfureum) ) JCM 1338, 1/ t:V^ ^ ^) !>A • -f ^ =:.ij 

(Brevibacterium butanicum) ATCC 21196, :/l^tV-^^7^y r>A • 1^/^:7 1^!^ A 

(Brevibacterium sulfureum) JCM 1485, if vi V/^^'r^) • 7^^^:7tv' 
oi^-;:?. (Curtobacterium flaccumfaciens) ATCC 12813, ^ iJ' n/^^ 7^ y «^ A • ^ 
7^5^ y y T^-f A (Microbacterium keratanolyticum) NBRC 13309, ^^nz-^^i^ 
7^ y A • (Microbacterium saperdae) JCM 1352, K ^ T)) 

A • a^>?>t°— (Microbacterium sp. ) NBRC 15615, :^-!7n/<-:7 h^A • T>';^a 
t:°— (Ochrobactrum anthropi) ATCC 49237, xiy<^ •:x.;5^t° — 

(Ochrobactrum sp . ) (v'^— K^"^^ • :^>'^ y (Pseudomonas ovalis) )NBRC 
12952, h^A • rc;^^— (Ochrobactrum sp. ) (iX^— Y^-y;^ • 

y ;^ (Pseudomonas ovalis)) NBRC 12953, ^^Ij:^ - x ^ h V ^ ^ :^ >^ 

(Paracoccus denitrificans)NBRC 12442, ]} y^lf^J^-^ i^yty^-if — (Rhizobium 
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radiobacter) I AM 12048. V ' "7 i^ilr/^^ 9 — (Rhizobium radiobacter) 

lAM 13129. n Y^^y^-T. - (Rhodococcus sp. ) ATCC 15960 t) <^ 

l-*i5il$*:fc^{-lH]I|XU. DTT (dithiothreitol) ^(DalTn^J^x :7 3i:=^/Wp« 
^ >';:^/>7}x:=i/W:7/U;^y K (phenylmethansulfonylfluoride ; PMSF) 

m^tt. ^^^^(DmMmi^^irXoi^. DEAR Sepharose F 
a s t Flow (Amersham Biosciences ^±M) ^fflV^ifel^-Y ci-^ 
Butyl Sepharose 4 Fast Flow 
(Amersham Biosciences ^ffi V^fci^TKttffiSf^ffl . 

Mo n o Q (Amersham Biosciences ^t^) ^fflV^fc|^>f ^^'i^^i^i?' ci-^ h 
:7^'>— . Superdex 200 (Amersham Biosciences ^±M) ^ffll'^:^^ 



(Issatchankia scutulata var. scutulata) J CMl 8 2 8 ^tCp^jfei-^ 

='f\^m7mm (iBAT. ^mn^ ri sadhu hwt^^his^^^o) 
iz/v^^^ h y i=s-/i^ y T i; /i^r ? K^v^m^^tb (i^xr. s d s-p ag e 

Superdex200 HRlO/30 (Amersham Biosciences ^tM) ^fflV^ 
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I s ADH 1 ^4 0, 0 0 Or> a(D'^y=L::^y h lU:^^h^j:^s^Mi^X'^ 

T ^ y S^SB^iJd^ fe^ti- bfc P C R ^ ^ffi V P C R ^^T 9 w t J; t) * 

LT. ;^/^/i?^/l-3l7C^m^0m4fe!^^(^^fei$DNA(D^JPS^*^i<b^^ 

K^'^^^^tfi^X^^o 
^fd. PCRl^J;t)#bttfcDNA»fJt<^m^Ba?iJ%^StlfU. #btb/ciB?iJ;i>- 
gE*PODNA(D^i»)tcf*ft$ii:-5fc46(^PCR^^'l'-^"-^^ff-b. :^7/W>!j^' 
=-/vm7xMM^MWi±^W^<r) c D N A ^ffi V NT R ACE (Rapid amplification of 
cDNA ends) ^ (Molecular Cloning 3 rd Ed. ^ Cold Spring Harbor Laboratory Press^ 
WT. Molecular Cloning) i «9 >f:^?«<DDNA?r#5 ^1 ^ t>'srigt?fc5o 
r(Dj;9{-bT'i'-y-^a::/^T • :^ =^ "7 — 'f- =>- "7 — 

(Issatchankia scutulata var. scutulata) J CMl 8 2 St^O^fe'^DN A/i^ 

ibwm-^ixti-^^i^-^-=^/^^m7mm i s adh i v-t^'D'ti /^(omMWMyt, 
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ti:iS:ij/U7i^=./um7x:mm I s ADH 1 ^^t— K-rSDNA{i, &.±(D X 0 t^::)J 
I s ADH 1 ^=1— K-rSDNA07ix*C7 i/^fi, ;*/1'JK^/^SjS7C^^^14 

*fci. I s ADHl (Dx}N^ni/^(i, iBa^J#-^l (^:^$tt'5T$ y^ia^J^/i? 
< ^ t 5 0 %}^±. b < 7 0 %^Ji. <t «9 ^[?* b < fi 8 0 %a±cO/iN^ 

iJ^ (DNA Databank of JAPAN (DDBJ)) ^^M^l^. FASTA^BLAST 

^fflV^TDDB J^>t^tCBLAST p r o g r a m^^V^T^i^^ n i;?— 

a-v-fir;?; • -fe U'lf i/:x. (Saccharomyces cerevisiae) Sjfet^^H^^I^^CO 
iJ? l^y<^^Y dr541cp protein (ga^J#-^ 3 : Accession No. 
AAB64983) "Cfe "9.42 %OtapItt^^ UfCo 

^fc. I s ADH 1 ^ritw- ±12 1 s AD H 1 ^ — Kt--5 D 

I s ADH 1 Ki-SDNA(^7iN^cii^^{i, ;i?7/^2it'::i/U^il7C^^?Ste 
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^||#-Cfctt{i. mm^-^ 2 Izm^CDnN A{^m^<^^^^mmXm (Nucleic 
Acids Res. ^ vol.10, pp.6487 (1982), Methods in Enzyraol. , vol.100, pp.448 
(1983) , Molecular Cloning, PCR - A Practical Approach, IRL Press, pp. 200 

(1991)) m^m v^TjgM^, jk^, nARuy^tntmrnm^mA-r^:^ 

ticXiO I s ADH 1 Ki-5DNA04^^c2i/>^#-5^i:;i^BrHgT'fe6o 

I s ADH 1 (DT 5: y^gB^lJ^fc(*^(D— IfP^, IsADHl^=i— K 
i-5DNA^fctt^<75— ^SttcIC, ^Jx.tf DNA Databank of JAPAN (DDB J) 

m(Dy^— ^ {C?^ UT a v^— ^^^tro T , :^mm (D ^ >y< — 

I s ADH 1 ^=1— Ki--5DNA(7?4^^n ^{i, IsADHl^=i — 
^^t-^^#<^m^#>/5^e)l^MLfcDNAf^^b, nn^— /N>r >S^^-e^-v- 

^^TVN, /N-ryy i$^'1'X-rSDNA^#5::i!lcj;oTt>Sl#T'#5„ :*:^PJ<D 

#yN^:/y y^-^—iya Vfl,Mo lecular Clonin g^J;ife*c$ 
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^ V ^ 7 — iJ' S 3fe O D N A ^ fc ^ D N A CO Klf K- ^ la ^^t: b fc 7 ^' ^ — ^ 
fflV^-C. 0. 7—1. OMcDmb-:^ h y ^7i^#^5ET6 5t:T'/N>f i^- 
3>'^ttofc^, 0. 1 ~2 X S S ( 1 X S S COia^f*. ISOmMit 

jAtfi£i>S;5^fc6o ^(D ^ci^— iJ^-^-yt^-^^.-^-^ bTfi. ^3fe^ UTfiJ 
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jte^^I^-^AiaDEj. #(;i^«{CMUT{i. Adv.Biochem. Eng. 
43, 75-102 (1990). Yeast 8, 423-4 88 (1992) f£. 

jiiXct UtT (Escher ichia) M,^ (B a c i 1 1 u s ) 

JR. iy=>.— K^"^^ (Pseudomonas) jR> (S e r r a t i 

a) JR. -fU\f^<'^Tr]) (Brevibacterium) JR. ^/^^ 

V^yi^^-^ (Corynebacter ium) ^^-h I^IT^ h^iy;^;^ (Str 
eptococcus) JR. /'^^/l^;^ (Lactobac i 1 lus) M, 

X2 Yzjy-fy :7s (Rhodococcus) JR. 1^:7° h-r^ -fe;:^ (S t r e 

ptomyces) mfii£\^M'1r^^-^-^-^ —^<D'm^^f\^X\/^^W[MMo 

"^yfj n-e^f ■fe;:^. (Saccha r omyce s)M. ^/^-f -^o-^-f -fe;^ (K 
luyveromyces) Mx >'>^i?'';/^;^n-x'-Y"fe^ (Schizosacc 
haromyces) JR. ^=J*1^ :y n -^"^ -^"T^ (Zygosaccharom 
yces) M. i'n'^^T (Yarrowia) M. hy=i><.7Kn>' (Tr ic 
hosporon)JR. C3 yv^!j7i^(Rhodospor i diu m) JR. 

(Hansenula)JR. t°=¥T (P i c h i a) JR. ^^^^7^^ 
(Candida) M^'.e ^l^JR-t-^^sEfe-^i^ ^(^lft5A^tvXV^-5^«o 

y^ci;:^^^^ (Neurospora) JR. T 7s^J\^^}V:^ (A s p e. r g i 
1 lus) JR. -lr:7TCZ-^^yi>-^ (Cepha 1 ospor ium) ^y 
=i7^/]^-v (Trichoderma) JR/<C ^n^JRi'^^aE'^^ ^5^— 

±|5#^ii^<Z)tt'T-^3ti: b< f*. ytT (Escher ich 
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i a) JR. (B a c i 1 1 u s) -^l/tV^^T^y !>A (B r e v i 

bacterium) ^ ^-^^^"^ ^ (Corynebacteriu 

m) Mt?fc ^ . #lC$f ^ U < (i. v-^ ytT (Escherichia) JS, 
=1 y y (Corynebacterium) JR-efc-So 

V^SS^^ff tCip p C ^ § (^!lx.fi. Molecular Cloni 

n g iZfd.m(0:^m)o 

jiiXj: y t TJS. y fcT • =1 y (Escherichia col 

i) ^::jo^^T{i. 5: K^i^ iJ' — i: bT(i. pBR, p UC^7°7>^ ^ Kje»> 

^(f^jtb. lac (j3-;«f^i5^ hi/^— €). trp {hV^h-7T>:t^^». 
tac, trc (lac, trp (DM^a) . A^'T — v^PL, PRtH ifi^i^M'f'^ 

•:^u^-^-fi:t':d'^mfhti^o^tz..^-^^—^-t\^xn. t rpA^jfe. 
^^^/^^M^-4oV^Tfi. -^iJ' ^ — t UTfi. pUB 1 1 05^:7"^;^^ K> pC 

i^zi.— V^-r^mKis\'^xn. ^^-^ — tVXi-i, v'^— K^-^;^ • ^f^y (P 

seudomonas putida), i^s^ — K-^E-'^"^ • "fe'^'^v^T (P s e u d 
omonas cepaci a)t£ifXWlL^tLX\^^^—^&3fj:^^^ii7^—^-^. 
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m±m^^^- (RSF 1 0 1 otnt'K^^-t^^w^mmi^'^^^tiim^'f-^'^ 

tf) PKT2 4 0 (Gene, 2 6. 2 7 3-8 2 (1 9 8 3)) ^^tf^r^;6^ 

revibacterium lactofermentu m) }Cl:JoV'*T(i^ ^ 
^ ^ — h bT«. pAJ43 (Gene 3 9, 281 (198 5)) f^}f.<D-f'7 

=1 y ^^^i5^7"y e^^M^ ii#{3:=i y i>A • (C o r y n 

ebacterium glutamic u m) lc:*5V^-Cfi.-^^ ^ — LTfi^ 
p C S 1 1 (#§|Bg5 7-1 8 3 7 9 9 -^<2^^) . pCB101(Mol.Gen. 
Genet. 196, 1 7 5 ( 1 9 8 4 ) ) 5: — J&^^tf 

ih5/;^7 (Saccharoinyces)>R^ ^{Ci^ :^ n -^-f -fe;^ • 

■fe 1/ fi^:i:.( S accharomyces cerevisiae) joV'»'C(ix 
-<^^^h bTfi. YR p^. YE p^, YC p^. Y I p5^^^;=^^ Yts^m-f 

v^yi^>y;^ n-x'-i' -fe;:^ (Schizosaccharomyces) Ml^^JoV^ 
-CH. ^iJ^^J' — i bT{i. Mol. Cell. Biol. 6, 80 (1986) 

;6>T-t^„ pAUR2 2 4fi, S?g3t;^^bmi5$tLT*3«9^^{-^iJffl-e# 

T:^^/^^/^;^ (Aspergi 1 lus) MtCjoV^Tft . T :7.^;V^;V7^ • 

28 



=^:ff-' (Aspergillus niger), T>^'</1'^/^:^ ':^V i^— (A 
spergil lus oryzae) if^^:fJ lf(D^X'M hX< ^% ^ HXUti 
•9. ^^^^ K^^fei*:--<^-f >-7^i/U — ^^Sfij^Rrig-efeO. ^#:^>^n 
T^T— e^^T ^ ^*5l5(7>:7'n^— iJr— ;5SflJ^ nr|g-CfeS (Trends i 
n Biotechnology 7, 283-287 (1989))o 

fLXHidK). #(-M^fflV^ytM;*7'i<!fOii|i^^i (Nature 315,59 2- 
5 9 4 (I 9 8 5))^ma. V'-^:ff-(^fj:H(Dmm^\^i^WL\:i^ 

timm:x.wr>NA^^^ir^mmmi^i^mm. y.\t. ^dna^^^^dna 
mmm^. Rmmnxi>^ 2-^1^^ y i^h^\^^\-i2-^^-^y i^izi^m ^^^^ ^ 

^T?. /mmm*^h^j:^^:^^<i^mxhox^ :^ /^^^^/i^m^mTcvxyt^mi^ 

NA^-<i^ ^5'-^cm^iZi^■tr#e>t^.'5m^fex.#:DNA;|^i^W1-'5?f^®^m(*:x X 

i^mmmmm^is x n/^ tz. n^mm ^ . sj^:^»«T-fc §2— <i^^y>'fe-5v^f*2 

(s) -2--<:/^y— /^*>5v^« (s) -2--^:3?^i^y — /u^^s^it-fs t ^s^-e^ 
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'kfz.:^^^Bi-i.y' J -e-l' -fe;^ (Brettanomyces)JR. ^ ^ ^^"f 4 ^'(Candida) 

^/Ut^T (Hortaea) A^=f-^l^^T (Issatchenkia) M^ n-z-r^^^ 
-fe;^ (Lodderomyces) Jg. f^T (Pichia) n K (Rhodotorula) JR. 

r/l';^n/^iJ'^ — (Arthrobacter)JR. yi/tV<^^]; A (BrevibacteriuiD)M^ 
^/l^ h^-^i^T^ y A(Crutobacterium)M. ^-^^^"^JV:^ (Geobacillus)MN 5 ^ C2 
/<^-7^ y ijris, (Microbacterium)Mx o/^^ h 7 -i^ (Ochrobactrum) JR^ ^'-^^ 
:n 5/ ;^ (Paracoccus) V y bf ^> A (Rhizobium) JS^ d K 5/ (Rhodococcus) 

^^b-a-^x^^^/i/^'-^^S^^^ilTn^-fr. (s) -2--<>'i$'y— (s) 
-2— ^=?rf-y — .h 5„ 

2-^v^/>'lci'f^ffl$-fr'5r (S) -2-^>'i5'/-7P'^Mjgi-5i^ 

-^fi, ■T'l/^y^y -v^-fe;^ (Brettanomyces) JS, ^-^^'t^V^^ (Candida) Mx 
^^fc/^T^T (Hortaea) JR. n 5/ t"" n -^-Y-fe^ (Lodderomyces) JR. Xf*. t'^Sf-T- (pichia) 
JR^^JR-t-S^^^^^^;&W*b<fflv^e>t^. ^ u-^;/ ^ / -^-f-fe^^ • ^/P^-fe: i/Viy^ 

(Brettanomyces bruxellensis) . =¥-Y>X-<i5^* Y \f ^) :^ (Candida 
tropicalis). ^^^^f ^ ' "7 J A^:^ (Candida zeylanoides) . ii^fVTT • 
'^:c;V:^-y^ (Hortaea werneckii). d-yy^a-v^-fe;^ •j:d>'v^;^/K^;^ 

(Lodderomyces elongisporus) . f^T • -fe ^tf^>'">';^ (Pichia segobiensis) . 
t°^T • (Pichia spartinae). T/^;^ n ^ — • n t"/}^/V ^ 

:^ (Arthrobacter globiformis) . T ^ v':^>';^ (Arthrobacter 

oxydans) . T/^:^^/^^^ — •/J^y^c^^jT'-:? (Arthrobacter 

polychromogenes) . ;V Y ^"^^ ]) ' "7^7 T (Curtobacterium 

flaccumfaciens) . ^:^^<f-;V7^'y^'rTn-^ — ^y^=77^ (Geobacillus 
stearothermophilus) . ^^ti/<^7'V^J^*'T:^^-^^J»^ (Microbacterium 
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testaceum) > :^-:^t3/'<:J'h^^*T>'fn tf — (Ochrobactrum anthropi) ^ ^ 
/< ^ b^A • :x. (Ochrobactrum sp. ) ( ^ — K ^ * :t y< V ^ 

(Pseudomonas ovalis) ) ^ y y tf l> A • ^ i>:i'^<:i^ ^ ~ (Rhizobiiim radiobacter) 

(Brettanomyces bruxellensis) NBRC 0629, 1/ 5/ ^ 7 -^-f -fe;^ • ^/l^iJ^ -fe 

(Brettanomyces bruxellensis) NBRC 0797. ^-\r -f • h d t°;«; y ;^ 

(Candida tropicalis) NBRC 0006, ^ ^ • if 7 / ^ 7^:^ (Candida 

zeylanoides) CBS 6408, V7^-f • if ^ ^ / ;^ (Candida zeylanoides) 
JCM 1627, tJn/Ut^T ♦ (Hortaea werneckii) NBRC 4875, xiy'f'CL 

■v^-fe;^ • >'v?;:^^j^■7;^ (Lodderomyces elongisporus) NBRC 1676, t:°^T • 
-fe:?^':!^:^^/;^ (Pichia segobiensis) JCM 10740, \f^T • :;k/<jV't (Pichia 
spartinae) JCM 10741 , T}'^:^n/<.^^~''^xi\f-ji^?V^'7. (Arthrobacter 
globiformis)NBRC 12137 , T xi /< ■!7 ^ — - ^ ^ (Arthrobacter 
oxydans)DSM 20120, T7W;J^n/^^^ — • tKU ^ ^•^ — '^ (Arthrobacter 
polychromogenes)DSM 342 , ^ ;V /< ^ y- ^) ' ^ ^ ^ =^ y T ^^-y^ 

(Curtobacteriumflaccumfaciens)ATCC 12813, ^isr^^^^ • JX^^Tcif-— ^7 

(Geobacillus stearothermophilus)NBRC 12550, y;^/^^/^:^ • :;K'rT 
^—==ty^ (Geobacillus stearothermophilus) lAM 11002, ♦ 
"tT ci ^—=^-7^ "7 :^ (Geobacillus stearothermophilus) lAM 11004, ^-^/<=f-?V 
:^ ' ;^7^Tni?-—^:7-i' (Geobacillus stearothermophilus ) lAM 12043, 5: 
y/a^^^TV ^ ' 7'><>^?'-fe'>A(Microbacterium testaceum) JCM 1353, :^^X3^ 
/^■!7 V=7 ' Tly VxJ. t°— (Ochrobactrum anthropi) ATCC 49237, xi/^^ h ^ 

A • fc" — (Ochrobactrum sp. ) ( v' — Y^'t ^ ' V (Pseudomonas 

oval is)) NBRC 12950, ^ xi i7 Y 7 ' ^"^^ (Ochrobactrum sp. ) (v'jl— K 
^-^y?. • :^^^y (Pseudomonas ovalis)) NBRC 12952, •^'^xi/^^ h ^ • 
tf— (Ochrobactrum sp. ) (i/^— Y=^'1r:^ • z^/^'^) ;^ (Pseudomonas ovalis))NBRC 
12953, y yt'"?A • ^ — (Rhizobium radiobacter) lAM 12048 t^W^ 
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-g-Ji. :7'l^5/:?y-^-^'-fe^(Brettanomyces)M. =^^>'X'<^ (Candida) ^ 
ih^ai:/^T (Issatchenkia) JH^ n a-v-^-fe;^ (Lodderomyces) t:°=^ 
T (Pichia) JS^ Xfix » K h/l'^ (Rhodotorula) JR{c:Mi"S^ii^;5S$?^ U < 

-^tl/?><75't'"Cx 1/ 5/ ^ y -x"f -fe • T y — ^ (Brettanomyces anomala) ^ ^ 
-^^'T^-f • ^'T-^—^ (Candida famata). ^-V >'T^-f • /^-fe-f (Candida 
krusei). ^-^ • -^/^ 1^ (Candida maltosa) . ^-r ^'t' • -^-f ^ 

y 4 "f:^ (Candida zeylanoides) , 4 3l^^^T - 7.^7 ^ :3.'7 — (Issatchenkia 
scutulata)^ o -^^x "^-f "fe-^ '-^ ^^^^7 ^ (Lodderomyces elongisporus) ^ 
^f^T'Tl^^'::^-^ (Pichia angusta)^ t°^T«;^7 ^ ^ ^ (Pichia cactophila) ^ 
tr^T • ir =flf^:/'>;^ (Pichia segobiens is). \f^T' V\^/^ny ^ (Pichia 
trehalophila) S-tJ^x K h/l^^ • '^'^ — ^ (Rhodotorula minuta) ii^^\ZM^ 

\Z.\t.^ -f \y y ^ J 4 ' T J -^ — f (Brettanomyces anomala) NBRC 
0627, ^^ly=f ^ ' Vt-^^^ (Candida famata) ATCC 10539, ^^T^-f ^ • 

^ JV-^^ (Candida krusei) NBRC 1664, ^/Hr^f (Candida krusei) 

JCM2284, ^^:y'f ^ ^ ' -^7 jV^y( (Candida krusei) JCM2341, ^^^xV^' 
-e/V h — i^ (Candida maltosa) NBRC 1977, ^ >'X >f • -^V ^ / ^ "t"';^ (Candida 
zeylanoides) CBS 6408, y{ a^l^S^T • ^ =^'7 — ^'^'^:^^ =^"7 — ^ 

(Issatchenkia scutulata var. scutulata) JCM 1828, n^/^cr-x'^-lr:^ 
PVi^>?.7K^:^ (Lodderomyces elongisporus) NBRC 1676, \f^T •T^'i/^^ 
(Pichia angusta)NBRC 1024, \f^T • T:/i/^ ^ (Pichia angusta)NBRC 1071 t;° 
=5rT • ;{7i> (Pichia cactophila) JCM 1830, f^^rT ♦ -fer =f fJ^^-iX:?^ 

(Pichia segobiensis) JCM 10740, t'^T* h 7 ^ =7 (Pichiatrehalophila) 

JCM 3651 'BiJJ^ n Kh/W-^ • 5^ — ^ (Rhodotorula minuta) NBRC 0879, T/l^ 
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-m^ t"— (Arthrobacter sp. ) DSM 20407, T/W:^ d/^:^ • 
jvyu^:^ (Arthrobacter sulfureus) (:/Ul:V^i^xU A • ;Vy X^^y 
(Brevibacterium sulfureum)) JCM 1338, -f \y \f /< p T ^) A • zf ^ 
(Brevibacterium butanicum) ATCC 21196. ^UtV^':^xy ^ • '^?vy}y^J^ 
(Brevibacterium sulfureum) JCM 1485, i^n V-^'^^'T^) • "7 ^ :2.-y y 

(Curtobacterium flaccumfaciens) ATCC 12813, % ^ xi /^^-i; ^ J:^ - ^ 
'7^/]}'t>C^J>> (Microbacterium keratanolyticum) NBRC 13309, ^^fu/^^ 
"r V ^ ' •^^}V^:r. (Microbacterium saperdae) JCM 1352, xi/<^^^) 
A • 3i>?.t:°— (Microbacterium sp. ) NBRC 15615, :^irxi/^^ • TVJ^o 

fc"— (Ochrobactrum anthropi) ATCC 49237, :ir^ Y "7 •ac;xt*' — 

(Ochrobactrum sp . ) (i^^L^ — K^"^^ * ^^''^y (Pseudomonas ovalis) )NBRC 
12952, "a/^if h^A • n^Xfc;°— (Ochrobactrum sp. ) (v^^— K^■:^;^ • 

/^"O (Pseudomonas ovalis)) NBRC 12953, /^'y ^-yti7> • h V ^ -C^ 1^7. 

(Paracoccus denitrif icans)NBRC 12442, y )/ 1' l> A • ^ i^^^^ ^ ^ — (Rhizobium 
radiobacter) I AM 12048, y >^ If A • ^ ^ — (Rhizobium radiobacter) 

lAM 13129, n Y^^yiJT^ • =^y^\f— (Rhodococcus sp. ) ATCC 15960 ^^^^^ b< 

Wi^O. O 1 — 9 0%w/v, $f*b< {^0. 1 — 3 0%w/v(^^IST-fflV^f> 

-r ^ '^^^ ^ f^ffl $ -li: ^ (c o -c « , mmn^^i^mh^xir^^mmm ^^(d 
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i~5 0%w/v@^. 0* b< fii ~2 o%w/v ir?fes J: 5 {ci^;bDb. mm 

So. 0 0 lmM~ 1 0 OmM. 0* b< no. 0 1 ~ 1 0 mM^^Di--5o 
-hlSM^^^^^JP-rS^-a't-fi. NADPH (NADH) ^^h^^ir^NAD 
(NAD") ^NADPH (NADH) 5 CI i: ;65^M^^fn]±<^fc 

J60*b<. ^Hi^^ife.^ bT(i. 1) m^U^^^i^(DNAr>P* (NADO M 
Ttm^mm-r^:^^. 2) NADP* (NADO ^^^NADPH (NADH) ^ 

m (V ^^=^mm7i<^mmmti:if) ^^^*onadph (nadh) <Dn^Kmm-^m 
tmm m^mm) ^K^tsy^p^\z.mi3wir^:f5m. 3) mm-Uw^w^nm-r^K^ 
ti^. nadph (nadh) a)m-±i^mm'^m^j:mmx-^^±tiw^mmm<D 
»B'f-^^^m(ouNAtmmi^m^i^mK\^¥^m.^'^^:^m.m7i^mifhti^o 
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^rnxv. ^^^M«^^'r^:fvmRxfmDNA^^n'ethmmi^^^i^-i^m 
mm^'^tzmmu^i^ms^. mm^mmi^. mmmm^m. Rxj^x^^it. mmm. 

*fc. m^^mnmi-f^y^J-^-^-^-T. (Brettanomyces) 

Jg. ^^^'r'Vi?' (Candida) Jg, yt;/^7^T (Hortaea) Jg^ 
(Issatchenkia) Wk^ u y'f^'^-^ (Lodderomyces) JSx f^^T (Pichia) 
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JS. n Kh/l^^ (Rhodotorula) JRx T/^>^ n/^:^' ^ — (Arthrobacter)JS. zfUlf 
/^^•T^ y i^A(Brevibacteriuin)JR^ ^ yU' X U A (Crutobacterium) JR^ ^ 
(Geobacillus)M^ ^^"^^"rV A (Microbacteriuin)Mx ^^iJ' c/^ 
^ h "7 J^- (Ochrobactrum) JR ^ -^<=7 ^ v tl (Paracoccus) M > y ^ ^7 
(Rhizobiuni)JR. n K^i ^y;??;??. (Rhodococcus)Jl<D:^/^4?^/^'3l7C^^^^4^^i- 
SpH3~ll. 0^L<fipH5~8-e^T:btt^„ S/^i^^WfiilS. 1~7 2 
:4^^0J<7)Siit;i^^tc4oVN-C. TIS-^^ (5) 
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/I'B. n— -ry:7'ntVK -fy^^/i^*. -ryr^/ux. v-^p^ 

n-yntVwSx n--;^'^/w£. n-^^^/K ^y^ctVi-S. y:/^/^^ 

-efe "0 ^^(Dit^Wm.\-tm% 8 0 % e e J^AJL.^if * b < fi 9 O % e e ^J.±rQ^ "0 . 
{c:0*b< (i9 5%e etXJt-efc«9. i^l;i$f^b< (i9 9%e ei^AJi-Cfc^o 
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mm^mm^M^m^mt i.xmm^m^mir:itxm^mt:x^^<mm^'^. 

h-^mxh^o Rjt^mmmxi-tRmMm:ibmMx\ -d^^jmrni^xi^^^mm^mm 

i-i. ^^>mm--(omm(Dmit^^mm-r^:itx\ ~mitmmm±mm^vmx^ 
5o *fc. Mm\^x\^^^mm^^M^mx^t^fci!b. ^mmMm^x'o^c^^m 
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r ^ K^^^ ; St®?. ; t-y v?^. 2. 6-/i'^>?>'. h 

^fc. xh^-r;^7^. hy7=^;&^. T^y :3i^i/>i/y =iw_,u^ ^Ky 
^/w^v^-i' y y :7^/^^v? h y xi^/i-. h y p< y h®E h y 

UT 1 ~ 2 O f&#:^4. $f * b < « 1 ~ 5 fgf*:^*T*fe So 
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-<^v^/^T ^ 1, 8 - v^Tif t^iXi^ n [5. 4. 0 ] - 7 - !^ 
1, o [2. 2. 2'^^'^^:ym<D^m&^;:^m\:'rY])^ 

L< . b< fiO. 0 1~5 w t%-e$5So 

< . if*b< fis o~i 5 ot:-efc«9. Mt-^jf*u< t^s o~i i cc-efe^o 

OH (2) 

tf^^tv-STt^^ttT/w^— /w^^/V'/i^=/W:t^>'S--^^mb. TIE— 
(3) 

R'^ 

X (3) 
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(9) 

(4) 

±15-^^ (2). (3) Rx^ (4) kc^ii^R'i^:^mmm'Pmmvrzm^x 

±ia-^^ (4) RU (9) Jc:*3V>T. R^RXMi^ii^^^tLm^i^X. 

R2 ^ R^fi— /^oT. 5- ( 1 -pi ^/V'T/l'^SryV) -2. 2-v^^5^ 

±is-^^ (1) ~ (5) {^*5v^T. *fw^j^m^^L. ^(D^^mmi^m 

S8 0%e ei^Jl±. $f*U<{i90%e e }^±. j5f-0*U<tt9 5%e e. # 
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j;<, 0*L<{t_htfi-|^^ (2) RU (3) {;l4oV^-C S «9 . _hfa-^^ 

(1). (4) ^ti^ (5) ^cjov^TR^^Tfcao 

T^*/^b^^v^^<^^aM;^>5fe^)^ m3|£|-^^TfiJ>^-e#S>^ hvcT^/F^iSTC-e-^^i- 
>^/u:i^>mm7^^^(D h y :7 1/- him m^m\^^^:^mmi>fhn^o 

0*b<fil~2^*-T?fc6„ 
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xhx^\ 

fio~4 o'\::-efeSo 
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; :>{7/^:X^>J., ^^^^^ ^ J>.^(OT V ±m^m i-ThV^J^?^ h 

So 

ffiv^f>tLS^^<^ bTfi. :7'^/^^ ^/i^^— 7"/K 7" t Kt37^:/. 1, 

bTffiv^Tt>J:v^ bv^^i^^ UT. y y — /K ^^y— /i-^ v^y^/i^^j^ 
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^^(3) t-^v>^m=^^T/\^t(DRJt^<Dm'^. b< (i3 0~ 1 0 O'C-efe 

•3^ M(-0*b< (i5 0~8 O'CT-feSo 

If fen. i^T J m^^^y^/^m^:i^^l.tzm\i:^^m^•f-^m(D^m^^mxn 
ox■h^\,^:lbK ^7kmm'p^^mxntf:^7!)^JLumi^mmx^^(Dxiti-'iv\^\ 

it:^]} ^j^. mm^v ^j^m(DmmMm; i, s-v^rift^v-^n [5. 4. 0] 
mxh^o 

m\^^hti^mmtVXi-i. :7"c2 tVi^^— x/K 7" h7 t Kc:77:^. 1, 2- 
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fii^.3|S|-SK(Cl>^ bT 1 ~ 2 0 {^#:^». $f ^ b < fi 2 ~ 8 ^„ 
L< {i9 5%e e&.±. m^t^t. b< ft 9 9%e eJil±-t?fe-5o 
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o^B%(7)g;jiS'b^a^^:7"n tVl'^— 7^/1-. ^7°^^. -o-g'v, h/W 



/i'^. n — <:y^;vm, -Yy^^PtVK -ry:/^/i-s> -ryr^/v*. i^i^D^ 

T'fc ^ ^^(Oit^nrntm"^ S O % e e J^Ji.^if * U< 9 0 % e e iil_b-efc «9 . 
{Z.^^ b < 9 5 % e e ^Jb. m\ZUi^ b < {± 9 9 % e e JeX±T?feSo 




CO2H ( 1 ) 
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(1) 2-^1^'$' yi^^^h (S) -2^>'^y-/l'?:^figi--5^^fei^. RXJ^. 2- 

haidr^ (D i f c o^t^) 5 g/L. y h (B;*:^^tl:^) 
5g/L, XiW^^^ (D i f c o?±M) 3g/L. i//W=r — iB^^ffam 

(pH7. 0) ^0. 0 4mL, ig^^TKtrO. 0 2 8mL*P^, W 

^^+:»-tC^^$-frfcCOt>(C. 1 0 0 g/L^O. 0 5mL. NAD 

3i:/i$^/l.^#^±^) 12g/L^0. 02mL?^;!)PU $?>(CSJt&^M 

<h LT2-^>'^y >'X(±2-^^ihy ^-^r-fy^n^^y— /Kci o o gXi^tfj: 

;^7^A:j3-DEX120 (SUPELCOttMx 3 OmX O. 2 5 mm I 
0. 25//m fil m) 

]) T : n e 1. 5ml /m in, split 1/50 
;=57^Aia^: (S) -2— <:/i$'/— 5 CC. (S) -2--x^1^y — 

aAja^ : 2 5 0 °C 

: F I D 2 5 O'C 
GC : igj^GC-1 4 A 

48 



(s) -2-^^-^ y-/i^<D'^m.^m^mi{^. (s) -2^=3{^i^/— /^o^*^ 



2 l^^^y^^:^^^ (S) -2 ^^^iJ^y-zl'^ifc^-r^^S: 

















(g/L) 


(% e. e. ) 




Brettanomyces bruxellensis 


NBRC 0629 


1.07 


100 


s 


Brettanomyces bruxellensis 


NBRC 0797 


1. 18 


100 


s 


Candida tropicalis 


NBRC 0006 


1. 17 


100 


s 


Candida zeylanoides 


CBS 6408 


1. 36 


100 


s 


Candida zeylanoides 


JCM 1627 


1.45 


100 


s 


Hortaea werneckii 


NBRC 4875 


1.34 


100 


s 


Lodderomyces elongisporus 


NBRC 1676 


1. 25 


100 


s 


Pichia segobiensis 


JCM 10740 


1. 16 


100 


s 


Pichia spartinae 


JCM 10741 


1.48 


100 


s 



2 — °>'^/:^f)^ib (s) -2-^:^^ /-jv^±i^ir^mm 









(g/L) 


(% e. e. ) 


m 


Arthrobacter globiformis 


NBRC 


12137 


1.36 


99. 1 


s 


Arthrobacter oxydans 


DSM 


20120 


1.25 


100 


s 


Arthrobacter polychromogenes 


DSM 


342 


2. 36 


100 


s 


Curtobacterium flaccumfaciens 


ATCC 


12813 


1.94 


99.7 


s 


Geobacillus stearothermophilus 


NBRC 


12550 


1. 54 


100 


s 


Geobacillus stearothermophilus 


lAM 


11002 


1. 39 


100 


s 
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Geobacillus stearothermophilus lAM 11004 1.48 100 s 

Geobacillus stearothermophilus lAM 12043 1.06 100 s 

Microbacterium testaceum JCM 1353 1. 2 100 s 

Ochrobactrum anthropi ATCC 49237 1.47 100 s 
Ochrobactrum sp . 

(Pseudomonas ovalis) NBRC 12950 1.02 100 s 
Ochrobactrum sp . 

(Pseudomonas ovalis) NBRC 12952 1.49 100 s 
Ochrobactrum sp . 

(Pseudomonas ovalis) NBRC 12953 1.57 100 s 

Rhizobium radiobacter lAM 12048 1. 1 100 s 
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^2 



i^t^h (S) - 2 -^^iJ-y — /i^Sr^^-rs^S 







(g/L) 


{% e. e. ) 




Brettanomyces anomalus 


NBRC 0627 


1.23 


100 


s 


Candida famata 


ATCC 10539 


1.20 


93.0 


s 


Candida krusei 


JCM 2284 


0.68 


100 


s 


Candida krusei 


JCM 2341 


0. 88 


100 


s 


Candida krusei 


NBRC 1664 


1.10 


100 


s 


Candida maltosa 


NBRC 1977 


1.48 


100 


s 


Candida zeylanoides 


CBS 6408 


1.51 


100 


s 


Issatchenkia scutulata var, scutulata 


JCM 1828 


1.07 


91.8 


s 


Lodderomyces elongisporus 


NBRC 1676 


1.58 


100 


s 


Pichia angusta 


NBRC 1024 


1. 16 


100 


s 


Pichia angusta 


NBRC 1071 


0. 94 


100 


s 


Pichia cactophila 


JCM 1830 


1. 30 


93.9 


s 


Pichia segobiensis 


JCM 10740 


1. 48 


100 


s 


Pichia trehalophila 


JCM 3651 


1. 16 


100 


s 


Rhodotorula minuta 


NBRC 0879 


0. 92 


100 


s 


l^t^h (S) -2— 
























(g/L) 


(% e. e, ) 




Arthrobacter sp. 


DSM 20407 


1.04 


100 


s 


Arthrobacter sulfureus 












JCM 1338 


1. 26 


100 


s 


(Brevibacterium sulfureum) 
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Dx ev luac lex luni □uxonicuiD 


ATCf 911 QA 


1 19 


1 nn 


s 


Dxev loac Lerium suiruxeuiD 




U. 0 


1 f\(\ 


s 


CurtobacteriuiD f laccumfHciens 




1 OQ 


lUU 


s 


MicrobactefiiUD keratanolyticuni 




1 1 c 


1 AA 


s 


MicrobacteriuiD saperdae 


Tniif 1 Q CO" 


1. Zo 


1 AA 

100 


s 


MicrobacteriuiD sp. 


rioKL I5olo 


U. DO 


1 AA 

100 


s 


Ochrobactrum anthropi 






1 AA 

100 


s 


Ochrobactrum sp . (Pseudomonas oval is) 


NBRC 12952 


1.58 


100 


s 


Ochrobactrum sp . (Pseudomonas ova lis) 


NBRC 12953 


1.73 


100 


s 


Paracoccus denitrif icans 


NBRC 12442 


1.91 


100 


s 


Rhizobium radiobacter 


JAM 12048 


0. 91 


100 


s 


Rhizobium radiobacter ' 


lAM 13129 


0. 79 


99.3 


s 


Rhodococcus sp, 

(Corynebacterium hydrocarboc las turn) 


ATCC 15960 


1.22 


100 


s 



(2) -ri?-^a.>'^T ' ^jJ'^^^ — — JCM1 8 2 8^ 

^ T • :^ ■!7 ^ =1. "7 ^ -i^.^ =^ "7 ^ ( Issatchankia 

scutulata var. scutulata) J CM 1 8 2 8^5^^ 2 HOi^jft (^/^=i— ;^ 8 

0 g. mn^^:^ (D i f c ottM) 2 o g. m-Mumw) 4 o g/ 

L) T-J§*b. 3i^iL>:9-ilt-J; •9M^^PMUfCo nhi^lfz.mM^l 5 0 g ?r 1 0 
mMy y "^A^^?^ (p H 7), O. 1 mM DTT (gJLT^t^^^t- 

t^-r^) T'Ji^U. tJ^'l'y — 5:/UKDL {^y^^^/VaLiy^r—^y-i 

:L(0^^mm^\i^m^9 O g/'L(DMS{C/^S«t 9 PEG6 0 0 0^^^;&^b4'CT♦ 
l^rB^#S^. ^'L^:»-^{Cj;t)tt®^l^5febfc:o ^(7)±^j:«3. DEAE Sep 
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harose Fast Flow (Amersham Biosciences ttM) 

X3-^ \^:ify-:7^—^ Butyl Sepharose 4 Fas 
t Flow (Amersham Biosciences %t^) ^ffl V^fci^TKtS+iSf^ffl ^ o h 
^"^y-f—sMo noQ (Amersham Biosciences tt^) 

^cz'y' h y ^ Superdex 200 (Amersham Biosciences 

mmi(Dm. :^ j\-:t^=-/^m7Lmm(D^i±i~i. mmm^^t^^jiL^m ( i o o mM t 

ris-HCl pH7. 5. 0. 3 2 mM NADPH, 2 mM 1-T±V^ 
-y-Z-^ xi\J-2--fn/<'J l^) 3 7t:-e^^&$-&. N AD P HO?^^*?: 3 4 
0 nm(D^)t^O?^d>;6^e>»ffii--5r ^{^J; •JS'J^bfCo ^^^OSlI^t-fi S P 
E C T R Am ax 190 (Molecular Devices %h$^) ^'^m 
VfCo _h|EM^S^;l:^3V^T I4>r^{;i 1 nmo KDNADPH^mm-r^mi^^ 

-rf-^^>^T • :^^^=^^ — ^^m^:^'^^'7 — ^ J CMl 8 2 8t5fe^5fe 



^3 





mm. 






mm 






(U) 


(mg) 


(U/mg) 




(%) 




1360 


16800 


0.0810 


1 


100.0 


PEG6000 JL^f 


693 


4680 


0. 148 


1.83 


51.0 


DEAE Sepharose FF 


857 


266.0 


3.22 


39.8 


63.0 


Butyl Sefjiarose 4 FF 


488 


10.6 


46.0 


569 


35.9 


MonoQ 


592 


3.11 


190 


2351 


43.5 


Superdex200 


348 


1.038 


335 


4141 


25.6 



±mm 3 <Dmmwcm(D superdex2o of§ttiii5>^^° y T y /l-r 5 K 
y/^m^^sb (sDs-PAGE) (cj; tj^tif ufc^m. mm^thfc^ :yy<i^m-± 

m^m—^<i^vx'h^. ^(D^^mnm^ o, oooDa-efeofco 
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(3) I s ADH 1 

^^U^ft^W (lOOmM Tris-HCl pH7. 5^ 0. 3 2 mM NA 
DPH. 2mM mW) t^mmV. 3 7X:-^S.Jt^^-^tio RJt-m^(DNADPH 

max 190 (Molecular Devices ^±M) ^-^IB bfCo 1 - 



54 



m4. 



1 -T-fe V^^y- 3 o a - 2 --^uy^y 


100 




2 12 




2 5. 5 




— 




— 




trace 




trace 




trace 




— 




trace 




— 


3 -T'ci e';*-nyH:f y v^i^ 


11.2 


2, 2, 2-M;7>'i^;i-DT-feh73i>'^' 


5 3. 8 




1 2. 2 




trace 




20. 7 


p-t K^^i^^^-Xr/i^t K 




p cr n^:/XT>'V^b K 


58. 0 


2-//W'7K/W-y^^ 




3-^^;j'y-:^y:/ 


trace 



trace -.mm^b^ 
(4) I s ADH 1 (DT ^ /^iH^J<7)^^ 

ttrlS (2) X-^hnfc±m^3<D^M^^(DS u perdex20 0 00:^/1-:^ 
HPLC (T-^i^-YA ^<^;^-y--l'^^;^ttM uKPC C2/C18 PC 

3. 2/3) ^m\^\ -<y^v^^m\^. ^i^vfz.o 5>^Lfc-<:7'^Kt"-i5' i 
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(5) IsADHl^ = - }'-r^DNA(Dm.m^Rx^Mmu^i^(oj^m 

•^'^ztily^T ' :^^'f-=i-'7^^^M^^^^7^^ (Issatchankia scutulata 
var. scutulata) J CM 1 8 2 8 ^^tufB (2) (C^ Lfclti^fe-Clt^ 

ADNA^DN e asy tissue kit(Qiage 

uperScript II Reverse Transcriptase 

U4 h (degenerate) 4 -^—RXfm^m-^ 5 (D[H^T ^ / mm^i\ 
^7t\:LTl^^^l^:^0:>'f-J':^^\^^ h (degenerate) — ^rtf 

(Issatchankia scutulata var. scutulata) J CM 1 8 2 St^COc DNAfC^^b 
T-T^v^ni^Nl/^ h (degenerate) P C R ^fi' ofc ^ ^ ^3 5 0 b 

nODNA^^T-^. T;5fn— ;:^^/^m^^ltj^fTV\ ^ 3 5 0 b p 0|^K*c;5/< 
"9 ttl UM inElute Gel Extraction Kit(Q 
i a g e n^m) l^Tffi^ U-CIHiR UfCo # ^tl.fcD N A^ff^t pGEM-Te 
asy Vector (Promeg a ttiS{) IC^^^J^— i^a >'bx ;'^M0DH 

5a:^ (Mmm^±m) ■^mnmmx^t^. j^wmm^^. r^-t-v-y:/ doo/x 

:7"7^-^— (Promeg a ItiSi) ^ S P SlT^^-l'-^— (Promeg a ^±^) 
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T>\i°iy]} l^ir^t^'LBi^mX-l^mi^.Q 1 AP T e p Spin M i n i P 
rep kit (Q i a g e n?±M) fCJ: K^fSi^b/Co 

^ti. ^i^^^>'=¥T • ^ — ^J'^ffi;:^^^^^ ^ — (Issatchankia 

scutulata var. scutulata) J CMl 8 2 8^(D^ / M,TDN A^yciZL^ Mole 
cular clonin g1B^<7):^&JCt¥oTR AC E^l^l^fflO c DNA^-g- 

^L. i^:5:ifciem(D;^&-e5'-^t;«3'-RACES;;t;;^fTofCo ^^&tc(i_bM 

- 1 b-cga^u#-^ 1 2 {cis^(o:^sgaa?ujtt^iE^j## 1 3 iz.^m(D^mmm^^ 

fifeU. ±IB:7"^-r'^— ?r#5 OpmoK dNTP^lOOOnmoK 
a:>'^T • :^^^^y — ^^M^^'^=i-'7'—^ (Issatchankia scutulata var. 
scutulata) J CMl 8 2 8^60 c DNA 250ng^ ExTaq DNAp 
olymeraseffilO Xj^®^ "7 :t^±M) lOjuL. ExTaq 

DNA polymerase 5^—5/ h ^ ^Ttt^) ^^tf 10 0 

nL(DRJtM^m\^\ ^ttOS'C. 1^). T=-/^ (5 S^C. l:5^).#ft(7 
2t:. 1^) ^3 01^-l'^>'^x PTC-2 00 (M J Researc httM) ^ 
ffiv^-c^Tofc:o PCR^/^:?^(D— lfP^T;^fc2— i9<lil*ff b/cM 

±l5^Jf£^^%M inElute PGR Purification kit 
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(Q i a g e n^m) i^XmUVtio «^ LlTcD N A^^^^M^mE c oR I 

«5mLxQiagenGel Extraction kit(Qiage 
n^t^) KX'Ot^m'^mi^i^tio #^ttfcDNA»rK-^. EcoRK RXJ^Xh 
a I XmitVtz pUCllS^Ligation high ^ 

mhCDTl^lfi^]) >'?r-atPLBJ§it6-ei§^b. QIAPrepSpin Min 
i Prep kitCQiage n^M) ?rffiV^T:7"^ ;^ ^ K^^Mb. pU 

C I s ADH 1 t bfCo 
y^:^^ Kfc#AbfcDNA<D4^SSB^iJ%i5^^i$?-^^ — ifetcj; «9«?^ffb 

fci:i^. #A$tbfcDNA«ffK-{i. E3?iJ#-^2(D:^SBB^iJi:-iScb/co 
(6) I s ADH 1 ^=1— K-r^DNAt;icto-rjf^®^mUfc;^JIt®^ffiVNfc 
(S) -2-^>'i5^/— /KD-a-^ 

MIE (5) X^htltimm^^i^^Tl^li'i^V (SO/ig/mL) ^#tpC 
i r c 1 e G r o w:^tfe 1 00mL(BIO 10 1 tt^) ^ 1 0^^X3 CC 

ctt). 2--o^y UT (s) -2--<>iJ'y— /t-o-^Afe^trofco 

±|E0^1 0 g (C:0. 6 g/L NADP*(;ry 2 Omg, 

IM h ]) :^^m^<^y7T— (pU? . 0) lOmL. lOOg/L i/V^:^— 
4 0mL. rJ^/Vri-^T^t KPy-:^— ^ (^IFMmtt^. 7 6 u n i t g ) 

20mg. 2-^:x^/:x (m:^'fM?±$si, h) 1 g^mM3 ot:t?8^r^ 

m(DR!t^m^mm=^'^/\-i^mv. ^j^ufc (s) -2— ^^^^^y^/KD^A^^ro 
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;^^-i^:/3-DEXl 20 (SUPELCO^h^. 3 OmX 0. 2 5 mm I D. 
0 . 2 5 M m film) 
^^VT:He 1. 5 m 1 /m i n , split 1/50 
;^ 9 AtaS : 5 0 

iiA?a^ : 2 5 ot: 

t^tii : F I D 2 5 
GC : &^GC-1 4 A 

^(D^m. (S) -2--<l^^ y —/V'(DS\SLmilLO . 9 9 g "^fc t) . 3t^^J^fi> 9 
9. 0%e. e. -efcofCo 

(7) I s ADH 1 K-r^DNA{C j:oTff^Kfembfc;^^J®®^fflV^fc 

(S) -2--\:35^-9-y — /KD-^^o 

^mmtVX (S) -2-^^i^7-/KD^^^tTofCo 

±150^1 0 g{;i0. 6 g/L NADP + (:ry ^^-^/W^ettS) 2 Omg, 
IM h V :^^^y<-y:7T— (pii7 . 0) lOmL. lOOg/L ^/Wn— ;^ 
4 0mL. i//l-=i— Kny-^ — -^^ (^M^I±M. 7 6un i t g ) 
2 0mg. 2--^^i^/>' (mM'fk^lt^^ ^-h) 1 g^J^;DP^3 0rT'6^rBl 

^(^si^i^^^i^s^^^/V'ttm ifc^bfc (s) -2 — -^i^7-/wo^a^^To 

/Co 

bi/^:7.f >- (GC) ^fflv^ray^bfco 

;^;^A:)3-DEX120 (SUP E LCOttMx 3 OmX 0. 2 5 mm I D. 
0. 2 5 iu m film) 
^^VT.Ue 1. 5ml/min^ split 1/50 
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Itj ^ M.U.m. : 6 5 

: 2 5 0 1: 
: F I D 2 5 0°C 
GC : a#GC-l 4 A 

(S) -2^^1^y— /KDlRifiO. 9 9 g "Cfc "9 . 7t^M^{±> 9 
9. 0%e. e. -Tffcofdo 

(8) I s ADH 1 Ki-'5DNA^c:J;o-C?f0WlS^bfc:^mB^ffiV^fc: 
(s) -2-^:^'^ j—;v(D^^ iy^^—ivT -y':r) 

mils (6) T'#?>tLfcl?F^«^m^^^ffiv^TIE^c^-r;^^£i^J: 2.--<:y^ j 
SrSK^bT (S) -2-^>-^/— /KTJ-^Afe^^To/Co 

±I5®(*:1 4 0 g {MMmW-m.^h bT^t)4 2 gtC^B^) 'bNADP+ 
>'^/W^»aM) 8 4mg. IM h y ;^:^^/<:y7T— (pH7. 0) 140m 
L. ^/vzi— ^ 1 1 8 g. ^;vzx^:7.^yi YVL^'T—'^ 7 6 

un i t/mg) 4 Omg, 2-^i^i5?y >- (m^-ftj^ttM. h) 2 8 g^ 

^rc^/l^J^mb. !^^bfc (S) - 2 -^^-^J^y-ZK^^ft^^TO fear's (S) - 
2-^:/^/— /K^lRifil 7. 2 gT'fet) . 3fe^7^^«> 9 9. 0%e. e. 

(9) I s ADH 1 Ki-5DNA{z:J:oT?f^Mte^feb;^c:^<cJ®®^;ffiv^fc 
(s) -2— ^=¥1^/— /KZ)-^^ (;^>5r— /i^Trx:/) 

MIE (6) -e#^i^fc0K^^^#:^^v^TIS^c:^-r;^&^-J; t). 2— =3{^i^y>' 

^SW^UT (S) -2— ^i^/-/l-(Z)'^^^tTofCo 

-hfE0f*!:5Og UTJ^l 5 gtCl=B^) t>NADP+ (:^y^^- 

^/W^ettM) 3 0mg. IM b y ;^:^^/^5/7T— (pH7. 0) 5 0mL. 

— ^ 5 4 g, Kny-^—- (^^M^%t^. 7 6 u n i 

t/mg) 2 Omg. 2--^:^rf-y (m^^k^ttMx 1 5 g ^i^AP^x 
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m.^7^^M^Rj:t:^mM^ soomL^us o'er- 7 . 5 ^m^jt^^-^tco Rjt-^ 

^/Wj^mU. ±^\^rz. (S) -2— — /K7)^»^=fTofc:^m^ (S) -2- 
^^i^/— /V(^l|X*fil 5. 1 gT*fc«9. ^^MSJ*> 9 9. 0%e. e. tffe 

(MMmi) is) - 2-7« ^>':^/i'^=/^;*-^v'-<:/^>'0'^^ 

2 0 Om 1 (D3op:7^;=<>=it«Ix (S) -2-^^^-^ y—/l^4. 14g (47. 
Ommol, 9 9. l%ee) ^ h y :3i^/^T 5 ^ 9 . 8ml (71mmol). 
v^i^nc2 75^>4 Im 1 ^ttoZ^A/f^o :L(DM^m^yK^\^. p« 
nUK4. 36ml (56. 4 mm o 1 ) ^j^Tbfc„ ^CO^S O^mWl^fc^. 
m^MitT^^^=^^J>^7i^^m4: 0ml t7K2 Om 1 ^^;!JP bT^f&^i^ih $ -^fc, 
m^m^i^=^^^l^:^—'r/\- 8 0ml -ettffi WmS^^^:SS'fkT AtK 
^?^2 Cm l^|&^P:^ig7K2 Om 1 -ej5fe#. i/^ AT^^j^ ^^irfdo ^ 

l^^g^b. a (S) - 2 ^>'^/Wi^:::i/l-:^=3{-v'-<>'^^8. 5 g JE 

idiftM-r 5 r ^ < ^<os^SJciffiv>fco 

^H-NMR (400MHz, CDCI3) 5 0. 9 5 (t, J = 7. 2Hz, 3 
H), 1. 42 (d, J = 6. 3Hz. 3H), 1. 3 4 — 1. 5 0 (m, 2H), 
1. 50-1. 63 (m, IH), 1. 67-1. 77 (m, IH), 3. 00 (s, 
3H), 4. 7 7-4. 8 6 (m, IH). 

2 ) (R) - ( 1 - ;^ o lymi^=^^^^<D^^ 

ir-x'uVg^v^m^/H 4. 2 g (8 8mmo 1 ). DMF 22ml?r200ml(D 

m 3. 5g (8 8mmol) ^mM\.tio "^(D^^Q OX,X ^^T^. 8 0'CT-3 
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mmRfi^^^'^tiWi. mm.iz.x^mmtT>^=^^M.7kmm4 0mi tTki omi 
^mMvx^fi:^^w±^-^tio u^^^mm^^j\-i o om i T-ttatju. mmm 

^m^^mtr >'^- AtK^^^ 2 0ml, tK 2 0 m K m^^MH^ 20ml X^ 

^^y^^—icxmmv. (R) - ( 1 - ^ ^/i^^'^^W -^n ^-^i^oL^/V^ 7. 7 
7 g 3 3. 8 mm o 1 . IR^ 7 2 %) #fc„ 

^H-NMR (400MHz, CDCI3) 6 0. 8 9 (t, J = 6. 9Hz, 3 
H), 0. 98 (d, J = 6. 6Hz, 3H), 1. 27 (t, J=7. IHz, 
6H), 1. 15-1. 46 (m, 4H), 2. 20-2. 31 (m, IH), 3. 
22 (d, J = 8. IH2, IH), 4. 19 (q, J = 7. IHz, 4H). 

(MMms) (R) - (1-^^/1^:7^^/^) ^ui^m(D^}3^ 

mMm2X'^hntz. (R) - (1 -^n^^Mv?^5^/^7. 7 7 

g ( 3 3 . 5 mm o 1 ) ^ 2 5 VoJ^mit-T h V ^-^tK^^ 16. 1 g (100 mm 
o 1 ), 7-/^3 . 9ml.7l<15. 4 m 1 ^ 2 0 0 m 1 (^-^^M ^ =1 

ft32.^fce ^(om^m^G ox:xi. 5m^!^jt^^^tcik. mmz.xmmm9m 

m 1 T*tttblbfc„ TKM^i^^^^/l^S 0ml T'Sttffib. WaJl^«-:h hV^ 
J^Xm.f^^'^tlo ^i^^^^Wi. -^^1^>5 8ml ^i^^:3^^/W5. 8ml;0^e> 
^tHb. (R) - (1 -^cri^^<^4. 7 3g (e^tSt^t^al. 2 
7. Immo U ltSi^8 1%) #^Co ^^>'l'r9-*ff<0^;§lx Tt^^-^fi 9 9 . 3% 
e e Tfcofc (S u p e 1 c o , i3-DEX120, inj. 3 0 OT:, FID 
2 5 0*C, Det. 250t:. Ovenl3 Ot:. ^ >i?^i!^^^3 >m^U^^ 

'H-NMR (40 0MHz, CDCI3) 50. 91 (t, J = 6. 8Hz. 3 
H), 1. 06 (d, J = 6. 8Hz, 3H), 1. 2 2-1. 4 0 (m, 2H), 
1. 4 0-1. 5 8 (m, 2H), 2. 2 5-2. 3 7 (m, IH), 3. 37 (d, 
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J = 7. 6Hz, IH), 10. 67 (brs, 2H). 

(mmm4) (s) -2-?^ ^:^y^/}^7iK=-ji-:t^>^-^^-^i^(D^m 

3 0 Oml(D3^ny^:^=iiZ, (S) -2 — ^:3f1^y— /^6. 3g (62mm 
ol, 99. 7%ee) t hV :^^/i^T 5:^^13ml (93mmol). Wf^^^ 

/H 2 6 m 1 ^ttj2iA>f£o ^KDiM^^m^TKi^V. ;^ ^ >:^yi^^=^/i'i^ u ]) }' 5 . 
7ml (7 4mmo 1) S:?STbfco ^(D^3 O^mWl^ti^. ^faMitT>^^ 

=^r^J^yi^^m4 Om 1 ^7K2 0ml ^^*P LTS^&^^ih $-li:.7KS^5>^ bfco 

^mm=t^^mtT>^=^^-u7i(.mm2 om i <hi&fp:ti^7K2 om 1 -cm^. ^ 
^'^i^^^i^^j^^-v^m^'^rc. mm^m^\.. m (s) -2-^^>'^/w:i^=/w 

^H-NMR (40 0MHz, CDCI3) 6 0. 9 2 (t, J = 7. IHz, 3 
H), 1. 2 5-1. 4 5 (m, 4H), 1. 42 ( d , J = 6. 3Hz. 3H), 
1. 55-1. 65 (m, IH), 1. 68-1. 79 (m, IH). 3. 00 (s, 
3H), 4. 7 5-4. 8 4 (m, IH). 

mmms) (r) - (i-pt^/u--^:^^/!^) •^u:ymi^^'f-/^(D^0. 

IIJ£^J4-c#ibtbfca (S) -2-pt^:^y^/U:^=^7\^:t^i^^^-^:^l 0. 8 
g ir^D >^v^ac5^/H 9. 2 g (12 Ommo 1 ). DMF 32ml^200m 

4. 8 g (12 Ommo 1 ) ^^APbfCo ^<D^^6 O^CC^imr^. 8 Ot: 

f 3BtrBmj^?$ii:/c^. mmz.xm^um.itT^^^:=^^M^7i^mm5 om i ^tKi o 

m 1 ^^;!jpbTS;;5^#ih$-^/co m^i^^m^^^/^i o Om i T-JAmu. # 

aS^7K3 0ml -e2lHl^l&fP^i|^7K3 Om 1 -Cgfe^. ift^-^ v- iJ^ A 
^-^fco ^j^^®*^. ^y-V :^^/\^tf'7J^^ h^'7y >c-i^xmm^. (R) 
- (1 -^nV^i/^f^/V^l 2. Og m-^H^^^Ms 4 9 
mm o 1 . ItK^ 8 2 %) ^ifCo 
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'H-NMR (400MHz. CDCI3) 6 0. 8 9 (t, J = 6. 9Hz, 3 
H), 0. 98 (d, J = 6. 6Hz. 3H), 1. 27 (t. J = 7. IHz, 
6H), 1. 15-1. 45 (m, 6H), 2. 17-2. 29 (m, 1 H), 3. 
22 (d, J = 8. IHz, IH). 4. 19 (q, J = 7. IHz. 4H). 

iMMme) (R) - il -^vn^^^CD^^ 
MMm 5 X^mhtltl (R) - ( 1 - P< ^/W'^i/^/l^) a i^^v^^^/l^^ 1 1 . 
7 g (4 8mnio l)t2 5%:^mit-)- h V •>-^^7K^?^2 3 g (1 4 4 mm o 1 ). 
=1^^ y—/l^5. 9mK 7K24ml^l00ml ^ ;^ =i {^>f±iiA^fc:„ 

^(om^m^e ox:x-2f^mRm^^tz.^^. ^mzxmm.mi 3m i ^m^x^x 

tCo 7KS^@^®?^^/^4 Cm 1 -eifttwb. ^M*^^-^ h V ^M.x^m^^ 

tCo ^m^m^^. -^^i^>'9 0ml tmrn^-f-zi^l 8ml ;«»-^H%^ffb. (R) 
- (1 -p^^/^^^-f^/V) -^n-^m^e. 5g 3 5mmol. 

7 2 %) #fCo 

^H-NMR (40 0MHz, CDCI3) 50. 90 (t, J = 6. 7Hz, 3 
H), 1. 07 (d, J = 6. 8Hz. 3H), 1. 21-1. 41 (m, 5H), 
1. 4 6-1. 5 6 (m, IH), 2. 2 2-2. 3 3 (m, IH), 3. 39 (d, 
J=7. 3Hz, IH). 

(mmm?) (r) -3-7«^/^-^=3p1^^m(^•^^ 

^iS^!l3-t:'#?>tl.fc (R) - (1 -T-n ^/^4. 56 g (2 6. 
2mmol) ^5 Om 1 <D•:^;^M7^;^ = (;l'(±3A^x 1 8 0'C{c:#?abfCo 

s^m^m&M^i^. (R) - 3 -^^7^--:3rf->'^^2. 0 5g m^m^^n. 

^;^7 7'C/3mmHg. 15. 7 mm o 1 , HX* 6 0 %) #fCo ^^/^^^(D 
^^Hl^i-i9 9. 2%e eXhotc (Su p e 1 c o, i3-DEX 1 2 0, 
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inj. 2 5 CC, FID2 5 0'C. Det. 2 5 CC, Ovenl30t:)o 
^H-NMR (4 0 0MHz, CDCI3) 6 0. 9 0 (t, J = 7. IHz, 3 
H), 0. 96 (d, J = 6. 6Hz, 3H), 1. 16-1. 44 (m, 4H), 
1. 91-2. 05 (m, IH), 2. 15 (dd, J = 14. 9, 8. IHz, 
IH), 2. 35 (dd. J = 14. 9. 5. 8Hz, IH), 11. 00 (br 
s, IH). 

immms) (r) -s-y^'f-zi^^y'^^mco^^ 

mMmex-mhtitz. (R) - (1 -p^^/v-o-^/V') -^^^ms. oog d 

5. 9mmol) ^ 2 0 m 1 <D-^^M:7 ^ =« J-ttiZ.^. 1 8 0'C(C#fibfCo 

la^fe^j^^itffis® (R) - 3 -7< ^/i^--:?"^^^^ 1 . 69g m^^"^^ 

#^.8 6'C/4mmHg. 11. 7 mm o 1 . 7 4 %) #fci„ 

^H-NMR (4 0 0MHz, CDCI3) 6 0. 8 9 (t, J = 6. 8Hz, 3 
H), O. 97 (d, J = 6. 8Hz. 3H), 1. 17-1. 39 (m, 6H). 
1. 8 8-2. 0 3 (m. IH), 2. 14 (dd, J = 14. 9, 8. IHz, 
IH), 2. 35 (dd, J = 14. 9, 5. 9Hz, 1 H) 11. 36 (brs, 
IH). 

mMm^) (R) -3-p{^/^->-^i^>'®^<0'a-^ (.^i-v^j^mm 

^^#IS^Ts (R) - ( 1 - ^ ^/WIP^^/W -rn^^^l. 00 g (5. 8 m 

mo 1 ). t°y v^>'2m 1 ^ 1 5ml (D:^ y #^t^^t=i^ttiA^#S.bfCo 9 0°C 

fi^hBLi^^t^mt^x^. 1 3 or^x^i 1 5 5^;6-it-r#?a. 5:(-3 o^Psm^ufcm. 

(MMmiO) (R) - 3-^^/1^^^^ (DMSO^^) 

mmnmnr. (r) - (i-p«^/^y^/w -^ai^^2. oog (ii. 5 
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mmol), DMS0 4m 1 % 1 5m 1 y {^#t*i^Wt-ftjZi^#fibfCo 1 

tcm. ^uiz'if^m uyto H p L c x-^m i.fz.t:!^. ^itmn i o o . o %T'fc 

(R) -3-?i'^/i-^^-t>m(r)^^ (t-y >?>'^Jd) 

^mWm^T. (R) - ( 1 - P« ^/l-T'^/l^) ■^nr:/^2. 00 g (11. 5 m 
mo 1 ). }i°Vi^>l 8 2mg (2. 3 mm o 1 ) ^1 5m 1 (D:^ V H^^^^i^ 

ttiA^#iaufcio 1 0 0X::^^hR!t^i^mt^\^. 1 5 or^-eg 5r9-^^ttT#?&. 

«1 0 0. 0%T'*>ofc„ 

(mMmi2) (R) - 3-7<^/u-^^-b-^^<^'a'fi5c (dabco^;!jb) 

^^#ffl^T. (R) - (1-7^^/1-^^/1-) -^n>-^2. 00 g (11. 5m 
mol). 1, 4-v?Tlft^£/i5'n [2. 2. 2]:^^^:/(DABCO) 258 
mg (2. Smmo 1) ^1 5ml (O;^ y <^#^i^Wt-tt32i^#?abfCo 1 0 OX: 

bfco H p L c X'^mvti t:i^. mtm\± loo. o %t*&o 

(MMmis) (R) - 3 -p<^/i-^=3{^-y-:/^(^-a-fife (DBU») 

Mmwmn.T. (r) - (i-^^/v:/^/i') ^u>'m2. oog (ii. 5m 

mo 1). 1, 8 -v^Tif ti/:?^ n [5. 4. 0] - 7 - ^>y^±:^ (DBU) 3 
5 0mg (2. 3mmol) ^ 1 5 m 1<DP?> y ##^^W{-'f±ii^#?^ bfCo 1 

1 o'C;&>p>sj!S;55^^^b. 1 4 o'c*T5 o^^-zif^itT^ia, iEi;i 2 o^r^m^u 
tc^. ^m^^^ni^f^o HP Lc-e^ff ufci: r 5. ^{L^fiioo. 0%-efe 
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mmm 14) (r) - s-^^ji^-^^-ti^^o^^ m:^mmmm • v z^^^m 
m) 

mm^m%T. (r) - -^^i^mi. 00 g (5. smm 

o 1). l^y v?>'2ml ^1 5ml <D:^ V i^^^mm^it^^. li7Kg^®?2 9 4m 
g (2. 8 8mmo 1) ^?^*PLfc„ ^i&-e2^^. 4 O^CX' 1 mmi^W^. ^ 
?a(C?^iP UfCo H P L C X'^m i.tct:L^. mitmn 9 9. 8 %T'fco fco 



(His^ii 15) (R) - 3 - ^/i-^^^i^mcD^^ (mmmm) 

^m^m^T. (R) - (1 ■^ci>'^2. 00 g (11. 5m 
mo 1). UWtl 1 3mg (1 . 1 5mmo 1 ) <lr 1 5 m 1 (D :^ V H ^ i^it 

3i^#eaufc„ 1 3 ox::^^hS.!t^:dmt^\^. 1 8 ox:-^xi o o-^^^ifx^m.. 

moo. 0%-t?$>ofc:o 



(^Wdie) (R) -3-7«^/^-^=¥1^V^<7)'^^ (Fe 3 04?^iP) 
^*#fflMTx (R) - (1 -^C2>'^2. OOgdl. 5m 
mo 1 ). m^tm (Fe304) 40mg (2wt%) ?rl5ml <D;5?. y 
Wl-ttiA^^ig-Ufco 1 3 OX::d^hRft>iimthV^ 1 8 Ot:*-T?l 0 0^:^^i^X 

Mt^2 o:9-rHlitl*L-fci^. mad/^iPbfco hp lct-^^u^c^ 

teib^fi 10 0. 0 %T-fco fCo 

mmmi7) (r) -3-7f^/i--^^i^^m(D'g'^ (^{bii (d ^*p) 

S^#H^T. (R) - (1 -p'^^/l^:/^/!^) -vn>'^2. OOg (11. 5 
mmo 1 ). mitm (I) 82. 8mg (0. 58 mm o 1). T± h y /V2 

0ml ^1 0 0ml (Dyvy^=^i^i±j2<^. M^^^^-^f'o emmRf^-Wi. ^M. 
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^mwm^T. (R) - (1-^^/1-:/^/^) -^ui^ms. oog (17. 2m 
moi) ^■r^m:^^:^=^K'tt^^^u\^tc„ 1 3 o'x:7b^ibR!t^^mii^v. is 

JbK bfc^Wd 9 ^ 1 8 (D^^^^}^T(Dm 5 iCl^-r, 
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S 






Rj^m.^/ C 






9 






Pyridine 


2VR 


90~130 


2.4h 


100% 


10 






DMSO 


2VR 


100~140 


1.6h 


100% 


11 


Pyridine 


0. 2MR 






100~150 


1.8h 


100% 


12 


DABCO 


0.2MR 






100~140 


1.6h 


100% 


13 


DBU 


0.2MR 






100~140 


1. 2h 


100% 


14 


AC2O 


0. 5MR 


Pyridine 


2VR 


rt~40 


3h 


100% 


15 


H2SO4 


0. IMR 






130~180 


2h 


100% 


16 


FejO, 


2wt% 






130—180 


2h 


100% 


17 


CU2O 


0. 05MR 


CH3CN 


lOVR 


80 


6h 


64% 


18 










130~180 


1. 5h 


100% 



2'L(D'^y<=7Zf^^y'7^^\:L^ (S) -2-^^^^ y—/V lOOg (1. 1 
3mol. 100 %ee) ^'a-^-r5g^^3i^/l.^f^4 1 7 g ^ h y =^^7VT ^ 
>149g (1. 47mol) ^ttiiAyfCo ^KD^W.^ 5°C\Z.'^m\.. ^^^l^:^ 
;V:^s=./\.^ nyKl56g (l. 36mol) ^?^T bfc, ^<D'^^ ^^.X^ 1 ^ 
rsm^^bfc^. 7K4 4 0 g^^;?JPUTS/S?^i!^Jt$-ii:fc:„ tKS^I^^UTW^S 
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i^io %^M7K 2 6 7 g ^mm bfcm. 5 %mm7i<im-i- h v ^j=^7i^mmx-yKm(D 

mm^Ml^. & (S) -2-;< '$'l^P^/\^^^/l^:t^i^^:y^> 191g (gJ^li 
^f^^mn. it^mms 3. 5%. 1. 0 7mo K ID1^9 4. 6%) ^#fCo 

2 0) (R) - ( 1 - ^ ^/Wy^^^/W) "V P ^^g^v^^^/K^-^fife 

4 0 0 Om 1 <D-fe/^^://V'>'^^='(e:6 o%7K^'^b■:^ h y i>A 7 1. 

7 g (1. 7 9mo 1 ). THF 6 0 5 g ^ttiiA/fCo n V^v^^i^yu 2 8 7 g 
(1. 79mol) ^THF28. 4 g ^ 2 5 ~ 4 0 "C-CS^SISl-MT U i: T H 

F2 8. 4 g-ei5fcVNiiSLfc„ 6 5~7 ot:{c#?a#. *a (S) -2-?i^:^^/l^ 

^-/W;r=¥->^>'^^^2 6 6 g (J^S8 0. 1%. 1. 2 8mol) ^THF2 

8. 4 g^^JPbfCo ■^<D'^mm.T6S^m^Jt^:^'^tc^^. ^?atCT7K6 3 8ml 

LT. m (R) - (1 -p^f^/W^^/W) -vn:/^v?3if^/v^4 4 3 g 
M^5 9. 9%. 1. 15mol, l|X^90. 5%) ^^fCo 

(^ii£^j2 1) (R) - ( 1 - ^ ^/w:^^/^) -7a>-®!(7)^^ 
*a (R) - (1 -x'a V^v?^^/U4 3 9 g 5 9. 9%. 

1. 14mmol) <t 2 5 %7K®?'fb-:^ h y l> AtK^?^ 6 6 5 0 g (4. 0 4 m o 
l),7K797ml^4000ml (D-fe^-?^ 7 =» tCttj^A/fcfo CK^^g-^?^ 

^6 5- 7 0'C-e6HtPflSJCS$-^fc^, ?=^*PbfCo S^&?SSr— -i-S^taU. 

@^4 21g (4. 05mol) ^"7 ^ ^ =^ ^it^A^tc^. Kft^m^mTVfz, M 

-a^^^cDpHfii. i-e$>ofco i§i-g-?s^g^^3i^/^7 1 7 g-ejfimufco mmm 

^0. 2 6M:^^5 3 2m 1 T'?^#b. ^IS^W*. h/l-^^'T-g^LfCo h/^ 
31^/9 7 4 g/S^e^al^L, (R) - (l - ^ ^/V-^ f^/l') -rX2l^^:^\ 7 O g (S 
#.^4^^h1x 5NB^9 5. 3%. 0. 9 3 1mmol. HX^ 8 1 . 7%) #fCo ^ 
^^m^n 9 9. 7 % e e T*fco fco 
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(mMm2 2) (R) - 3 -^^7^-^^1^i/^^7)'a•^ 

mm^m^T. >?^^8 9 1 L(Z)-:^;^M:7^><>=3(cftiZ.^. 1 1 CCtc 
#S.b. (R) - (1 -p^^/uy^/l') -^ul^mi 4 0 g (7 6 6mmo 1 , JNfi^ 
9 5. 4%) v?^l 4 7 g(c:^^$-^fc^?^^5^rBl/D-ttT?KTUfCo ^ 

hicimmmwi^ti^^. ^mz^/^mv. (r) -a-^^/u-^^^s^i^-^^^c^fy 

mm 3 2 9 g ^#fc„ H P L c T'^tff bfc <b 5. ^'fk^fi 10 0 %. iR^fi^ 

S^&Tii^tLfc (R) - 3 -^^/^-^=^ri^>^l 6 9 g (1. 2 9mmol). 
?r^tf fc* y v^^^lS 7 5 4 g 5 0 T o r r T'^^EElg® bT k° y v^^^l^* 
ft (R) -3-7{^/V^=3{^-y-^^^l 9 7 g^fCo (R) -3-7«^/V^ 

9 0 g Sr*^ 1 O T o r r -^W^b. (R) - 3 - ^ 1 
52g 1. 1 7mo K JjJi^9 0%. ^^9 9. 3 %) #fc„ 

^ 7 /^^m<Dl^^. yt^n.mn 9 9. 5 % e e T'fc o /do 

(s) -2-^1^^ (s) -2--^=¥i?-/— /i-^i^^^*>e^7&-o 
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b < ttms^mmm. jscuxxn. mw.±m^ l < fiiBjia;&^ hti^:^/\^:^ 
^/i^m7i.mmm^^(Dunm:<^^v<nmm'^^. 2^^^i?/^(cf^ffl$it. (s) 

mmic^^wmm^vtj:\f^^^i^^2-^:y^ y i^i^Y^m^'^tit^i^. 9 5%e. 

e. u±(o^^mm(^ (s) -2--<:/^y— /I'^^^-rsr ^:as-r-#, *^o^(^) 

^0t4;d5img (s) zmMmw-mmxmm ^j.±.xh^z. 

#J^U< fir^fl^it^?^. :S.U^/Xfi. ^'^^#)^b< «^Jia}?)^f>^i'^tt?);?7/U4^' 
::^/vil7c^*ili:5><Dm*tM#»^b< 2— ^=¥1^ f^ffi^ii:. (S) 

- 2 — ^ -9- / s :!^feT- o T . mm^m^ v < nmrnm^i^mm^ . 

mm\^x^m^m^vfj:\^^±^i^^ 2-^^-^/ i^i^i'^m^'^fz.t^^^. 9 5%e. 

e. U±(D^^m^<D (S) -2---^-9-y-/v^ifc^f^^<i:;iST'^. t^-o^co 

ifcs»5img (s) -2-^^-^ / -/i-x gm.mmi^mmxmm &.±xh^:L 

3 . 2 > / X 2 ^-tH/i/tc, :7u>y^y-^-fir^ 

(Brettanomyces) M,^ ^'^l^'T^^ (Candida) Jg^ jJ^/Wt^T (Hortaea) Mx 
i^'^3l>'3rT (Issatchenkia) JRx n 5/7=^0 -^^f-fe;:^ (Lodderomyces) t°=3r 
T (Pichia) Mx ^ K h/l^^ (Rhodotorula) T/k:^ □ ^^i^ ^J' — (Arthrobacter) 
JS , 1/ If ^ ^ y A (Brevibacterium) iJ^/Uh/^i^-7^y!>i^ 
(Crutobacterium) M . ^Hr /^f- (Geobacillus) J!i> ^tJ^n/^^^-T^y^^A 
(Microbacterium) Wk. :^ ^ ti y>^< ^ h^A (Ochrobactrum) M . y< "7 =^ iy :^ ^ 
(Paracoccus) y f (Rhizobium) JR, n K =1 5' ^ (Rhodococcus) M/i*^ ^ 
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iir. (S) -2^>'^/-/^X{i (S) -2---=¥-^^y-/^^^Afe$■^'5r 
.h-r-Si^Tfe^M^ (S) -2-^^^^ /—/l^JLn (S) -2---:Sri^/-/K^Mig:&- 

(Brettanomyces) JR. >'7^>r (Candida) ^/^T^T (Hortaea) JR, 4 
•^'^^l^^T (Issatchenkia) JR. n ^/f^n-^-f -fe:;^ (Lodderomyces) JR. t"^ 
T (Pichia) JR. n Kh/^^^ (Rhodotorula) JR. T JV::^xn y<.-i7 ^ {krthxohactex) 
JR . 7' 1^ tf X y ^> (Brevibacterium) JR. ^ /V V -i^ ^ ]) ^ 
(Crutobacterium) JR . (Geobacillus) JR . ^ ^ n/<^^ 7- ]) ^ 

(Microbacterium) JR. (Ochrobactrum) JR . ^^'y :=i ^ :^ 

(Paracoccus) JR. V )/ A (Rhizobium) M. ^ K =1 :x ^ (Rhodococcus) h 

^m^^^trnwrn^wmm.. ^mm^mm. mmi^mmm. ru^jl^. mm 

(s) -2-^>i^ y-zuxi-i (s) -2-^^'^y-/i^^^^^'^^:it^ii^mt 

-r^myt^m-m (s) -2— (s) -2--^=arify-/i-o^5g;^}S„ 

5. ':fl^-y^y-^4-^:^'':f/l^^±\^>'iy:^ (Brettanomyces 
bruxellensis) . ^ 5/ y ir;^ • T 7 ^ (Brettanomyces anomalus) . ^ 
^l^'f >( ^ • y T'^^^ (Candida faraata). ^-V • iJ^/^^t-f (Candida 

krusei). ^ ^ • ^/W 1 (Candida maltosa) . ^"fl^'f.^^ -hot" 

y ;^ (Candida tropicalis) . i^^'V ^5^^ • if ^ ^ / t"' (Candida 

zeylanoides) . 7}\/l-'"T"T • li^j:. /l^-^ :3r (Hortaea werneckii) . >'=¥T • 

:^^'^=i.'7'—^ (Issatchenkia scutulata) . n ix'T n-v'-i'-fe;:^ • >'v?7^7jf 7 
^ (Lodderomyceselongisporus) . t°=^T • T i^:^"^ (Pichia angusta) . t°=^T • 
(Pichia besseyi) . f^T ♦ iJ' h :7 ^' ^ (Pichia cactophila) . t:°^ 
T • -fe 3' (Pichia segobiensis) . t'^T • ^y-^/l^x "t"^ (Pichia 
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spartinae)^ t'^T • M//np:7^'^ (Pichia trehalophila), n K h/V^ • ^ 
^ — ^ (Rhodotorula minuta) . T/^:^ c/^i^ ^— • v'^:/;^ (Arthrobacter 
oxydans)^ T>'V'^C2>'<^ ^ — '^V ^ n ^-i^'.:^;^ (Arthrobacter polychromogenes) ^ 

T/l^;^ C2/^:^ • 3i;^fc°— (Arthrobacter sp. ). T/^;^n/^:J'^ 

^ :^ (Arthrobacter sulfurous) , -f\y\f/<^'T'^)^J^'':f^=-fsJ^ 
(Brevibacterium butanicum) ^ 'i7 V ^ ^ ^) • r7 ^ =3. J^y t "-^^ 
(Curtobacterium flaccumfaciens) ^ ^ /'^'^ • ^■7"Tt3lJ ■=& :7 ^ ^ ^ 
(Geobacillus stearothermophilus) ^ ^ 2>^ - ^ ^ ^ J ^) 

(Microbacterium keratanolyticum) ^ ^^?^>'^:^'^■7^y^^i^•i^^/^:^7■al 
(Microbacterium saperdae) ^ xi ^ T \f— (Microbacterium sp. ) ^ 

^^n/^rJ'y^y • -T^Ji^^-fei^i^ (Microbacterium testaceum) ^ xi/<Y=7 
A • T > h t3 (Ochrobactrum anthropi) ^ :^i^cr/-^>>h^i5,-3n^t:° — 
(Ochrobactrum sp. ) (v'a. — K^"t"^ * y ^ (Pseudomonas ovalis))^ /'"^^ :3 
Vi3^ ' "f^^ h^J y -i l^:^ (Pracoccus denitrif icans) ^ y y tf r> A • ^ 
^ ^ — (Rhizobium radiobacter) ^XJ-^ xiY^-yf3^'^^^ — (Rhodococcus 
sp. ) ( 3 y ^ ri' -7^ y l> A • ^ K D ;^ /l^ ^ ^ A (Corynebacterium 
hydrocarboclastum) ) /ii^ Jfc S 1^ i: «9 S 6 r i: ^ #m ^ i" 5 f» 

6. l-^:^^ J i^jUctl-^^^ J Tie (A) ~ (F) (i:>\mht^(D'D 

^-fr. (S) -2— O^iJ^y-zUX^ (S) -2— /W^^^^-fr^r 
m<l:-t- Sl^^^^^ (S) -2— <^^i5^y-/^Ji(i (S) -2— ^:3ei^y-/i.(^^3t 
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(D) aB^J#-^2{c:|sm<^^£iB^'J^W-r'5DNAo 

(E) MB^(J#-^2{ci|S^(Dj^SiE^iJtcjoV^-r. 1 #;!jp 
A„ 

7. TIB-^^ (1) 

C02H ( 1 ) 

T*S^tL'5^^^fi&tt^W-rS (R) Xfi (S) - 1 -p<^/l-T/l-^/>-^P 
i:-rs. TIE-^^ (5) 

-e^^tb^ (R) Xf± (S) -Z-:^^;vi!jjvyt^iymi(Dm&:^^o 

8. TIB— (2) 

OH (2) 
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(3) 



X (3) 

(9) 

x-m^n^^m^mmtRjt^^-^. tib-^^ (4) 

r3 (4) 

(1) 



CO2H ( 1 ) 

-e^^tbS (R) Xn (S) - 1 - ^ ^/l-T/V=3E^/V-^ n >-^(^)^5t;^&c 
9. TIB-^^ (1) 



C02H ( 1 ) 

-t:-^^n63t^^S:d^9 0%e eii^^Ji-efc-S (R) - 1 - ^ ^/l-T/^^/l'-^ n 
®!x (S) - 1 -p^^/l^T/W^/U-^n 
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m9{Z.t5.m<D (R) - 1 -pi^/^T/W^^/W-^a^-il, (S) -l-^J^/UT 

1 1. 2--<>^'$^ y^tRJt^i^x (s) -2--<:/i5'y-/v^^t^i-6fi&i4^W 

j^tci;5fu^S^U/cevN^ffif^^2--<:/^y ^-ic-f^ffl^-fr/cirtt-i. 9 5%e. 
e. JijLJt(D^^^^(D (S) -2^^^i?y— /u^^i^-r'5^a:;55-et. ii^^^cD 
^tmi4d5iOmg (S) -2— <>i5'y-/^/g^j^0<2^m»/'B#K U±X*:h?> 

f^ffi^"^. (s) -2--<:/^y-/i'-^^^^L. nhtilt. (s) -2— <>->5'y-/i' 

^^/V'^crii/Wb^J.^Si^^^-^-SiirlcJ; «9. TIB— (6) 

^ (6) 

R^Hn -:7°C2 tVw^-trfe X X(ix?>/W^r^/l':^:3p-^^^^^j 

1 2. 2---^1hy ^^SfSL-T (S) -2-^:^1fy-/l'^^^-t-^?Si4^^ 

Wi^i^^m^M^\^fii\^^^mW-^2-^^^y >{3:f^ffl$-&fc^^t^. 9 5%e. 
e. i^il±<D^^*ie^(D (s) -2--^^1^y-/^^^^-^5r t^^^cD 
1 o m g (s) -2---^f-y— /i^/g^jS^^fii/Btra ^-h-efe^ 

{^ffi^-*. (s) -2--^^f-y— ^l-^jtLfc (s) -2— ^^i^y-/^ 
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X (6) 

13. nhthti-m^ (6) xm^tb^yt^i^^i^=k. m&^^-f. 

(9) 

(9) 

xm^^^^m^mmtRft^^-^. rta-^^ (7) 

(7) 

1 4 . 1 1 Xfi 1 2 (ctett(D;^ifeic J: «9 # f^i^fc— ( 6 ) -e^ $ 

tL-5^^^tt#:^. 4&S#iST> (9) 




(9) 



{^^^ R^my^R^\^^^^ic\mSL\^X. ;^/i-3i^>->/V'SX(ii^T 

(7) 
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CO2H ( 8 ) 



X-m^tl^ (R) - 1 ^/Ul/^/P-^ci ^^Xfi (R) - 1 

(R) - 1 -p<5^/l-^i/^/^-^ci>'^<D^jt;l^&„ 
1 5. m^mi IX^l 2tClE^(D^&(c:J; t)#?>ixfci— «^ (6) 

th^^^m^i^^^ ^m^mr. -m^ (9) 

(9) 

ys^^-To ^rT% R^tR^i-i—i^tfj:^xm'^mm^m^\^xhx\^\) 
xm^ti^^m^mmtRft^^^. tib-^^ (?) 



(7) 



mxh^o) 



CO2H ( 8 ) 



(^4^. R^{«ie^i^a-x?^5o) 

T'^^ti/S (R) -i-^^/i^-:f'^/U'^u:y^xii (R) - 1 
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^hi^mhHtc (R) - 1 -^^^/l-y'^/U^u^mXit (R) -l-^^/l^^ 

\t (R) -3-:^^jv^zf^:^m<Dmm.^^o 
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:^mm(Dm^n. (s) -2-^^^?/— /v. (s) -2--^^i?-y— /k 
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SEQUENCE LISTING 
<110> API Corporation 

<120> A method for the production of optically active alcohols and 

carboxylic acids 

<130> A51051A 

<160> 13 

<210> 1 

<211> 345 

<212> PRT 

<213> Issatchenkia scutulata 
<400> 1 

Met Ser Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala 

15 10 15 

Leu His He He Asp Asn Leu Leu Ser Lys Gly Tyr Ser Val He Gly 

20 25 30 

Thr Ala Arg Ser Gin Ser Lys Tyr Gin Pro He Leu Asp Ala Phe Lys 

35 40 45 

Lys Lys Tyr Pro Asp Ala Asn Leu Thr Phe Glu Val Val Pro Asp He 

50 55 60 

Ser Thr Glu Asn Ala Phe Asp Asp Val Leu Lys Lys His Pro Glu He 
65 70 75 80 

Thr Ala Val Leu His Thr Ala Ser Pro Phe Ser Phe Gly Leu Asn Lys 

85 90 95 

Asp Leu Lys Glu Ala Tyr Leu Lys Pro Ala Val Asp Gly Thr Leu Asn 

100 105 110 

He Leu Lys Ala He Glu Lys Tyr Ala Pro Gin Val Thr Lys Val Val 
115 120 125 
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He Thr Ser Ser Tyr Ala Ala He Met Thr Gly Asn Pro Ser His Val 

130 135 140 

His Thr Ser Glu Thr Trp Asn Pro He Asn Trp Glu Asn Asp Val Lys 
145 150 155 160 

Asn Glu Tyr Phe Ala Tyr He Ala Ser Lys Thr Tyr Ala Glu Lys Ala 

165 170 175 

Ala Arg Asp Phe Val Lys Glu His Lys Val Asn Phe Lys Leu Ala Thr 

180 185 190 

Val Asn Pro Pro Tyr Val Leu Gly Pro Gin Leu Phe Asp Phe Ser Val 

195 200 205 

Gly Pro Val Leu Asn Thr Ser Asn Gin Leu He Thr Asp Ala Thr Lys 

210 215 220 

He Asp Lys Asn Ser Thr Lys Pro Glu Leu Gly Thr Pro Ala Leu Ala 
225 230 235 240 

Val Asp Val Arg Asp Val Ala Ala Phe His Val Leu Pro Leu Glu Asp 

245 250 255 

Asp Lys Val Ala Ser Glu Arg Leu Phe He Val Ala Gly Pro Ala Val 

260 265 270 

Val Gin Thr Phe Leu Asn. He He Asn Glu Asn He Pro Glu Leu Lys 

275 280 285 

Gly Lys Val Ala Leu Gly Asp Pro Ala Ser Glu Lys Glu Leu He Glu 

290 295 300 

Lys His Thr Asp Lys Tyr Asp Leu Thr Asn Leu His Asn Val He Gly 
305 310 315 320 

Lys Tyr Asp Phe He Pro Val Glu Lys Ser Val Val Asp Val Leu Glu 

325 330 335 

Gin Tyr Tyr Lys He Asn Lys He Asp 
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340 345 

<210> 2 
<211> 1038 
<212> DNA 

<213> Issatchenkia scutulata 
<400> 2 



atgtcgaaca 


aaacagttct 


agtcaccggg 


gctaccggtt 


ttattgcact 


acacatcatt 


60 


gataatttat 


tgtctaaggg 


ttattccgtt 


attggtacag 


ctagatccca 


atctaaatat 


120 


caaccaatcc 


ttgatgcttt 


caagaaaaaa 


taccctgatg 


caaatttgac 


ttttgaagtt 


180 


gtccctgaca 


tctccactga aaacgcattc 


gatgatgttt 


tgaagaagca 


tccagaaatt 


240 


actgctgtcc 


ttcacacagc 


atctccattc 


tcttttggtt 


tgaacaagga 


tctgaaggaa 


300 


gcatatttga 


agcctgccgt 


tgatggtact 


ttgaatattc 


tcaaggcaat 


tgagaagtat 


360 


gcaccacagg 


ttactaaagt 


tgttatcaca 


tcttcttatg 


ctgcaattat 


gacaggtaat 


420 


ccaagtcatg 


tccacaccag 


tgaaacctgg 


aacccaatta 


attgggaaaa cgatgtgaag 480 




ttgcatatat 


tgcctccaag 


acg xa Lgc xg 


aaaaagctgc 


gagagatttt 


540 


gtcaaggagc 


ataaggtcaa 


tttcaagtta 


gcaactgtta 


acccaccata 


cgttctgggt 


600 


ccacaattat 


ttgacttctc 


agttggtcca 


gtcttgaaca 


cttccaacca attgatcacg 660 


gatgcgacta 


aaattgataa 


gaactctact 


aagccggaat 


taggtacacc 


agctttagca 


720 


gtcgatgtta 


gagatgttgc 


tgcgttccat 


gttttaccat 


tggaagatga 


taaagttgca 


780 


agtgaaagat 


tatttattgt 


tgctggtcca 


gcagttgttc 


aaacattctt 


aaacatcatc 


840 


aacgagaaca 


ttccagaact 


taaaggtaag 


gttgccctag 


gagatccagc 


ttcagagaag 


900 


gagttgattg 


aaaagcacac 


agataagtat 


gatttgacaa 


atcttcacaa 


cgttattggt 


960 


aaatatgatt 


tcattccagt 


tgaaaagtcc 


gttgtcgacg 


tcttagaaca 


atattacaaa 


1020 


atcaataaaa 


ttgattag 
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<210> 3 
<211> 344 
<212> PRT 
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<213> Saccharomyces cerevisiae 

<400> 3 

Met Ser Asn Thr Val Leu Val Ser Gly Ala Ser Gly Phe He Ala Leu 

15 10 15 

His He Leu Ser Gin Leu Leu Lys Gin Asp Tyr Lys Val He Gly Thr 

20 25 30 

Val Arg Ser His Glu Lys Glu Ala Lys Leu Leu Arg Gin Phe Gin His 

35 40 45 

Asn Pro Asn Leu Thr Leu Glu He Val Pro Asp He Ser His Pro Asn 

50 55 60 

Ala Phe Asp Lys Val Leu Gin Lys Arg Gly Arg Glu He Arg Tyr Val 
65 70 75 80 

Leu His Thr Ala Ser Pro Phe His Tyr Asp Thr Thr Glu Tyr Glu Lys 

85 90 95 

Asp Leu Leu He Pro Ala Leu Glu Gly Thr Lys Asn He Leu Asn Ser 

100 105 110 

He Lys Lys Tyr Ala Ala Asp Thr Val Glu Arg Val Val Val Thr Ser 

115 120 125 

Ser Cys Thr Ala He He Thr Leu Ala Lys Met Asp Asp Pro Ser Val 

130 135 140 

Val Phe Thr Glu Glu Ser Trp Asn Glu Ala Thr Trp Glu Ser Cys Gin 
145 150 155 160 

He Asp Gly He Asn Ala Tyr Phe Ala Ser Lys Lys Phe Ala Glu Lys 

165 170 175 

Ala Ala Trp Glu Phe Thr Lys Glu Asn Glu Asp His He Lys Phe Lys 

180 185 190 

Leu Thr Thr Val Asn Pro Ser Leu Leu Phe Gly Pro Gin Leu Phe Asp 
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195 200 205 

Glu Asp Val His Gly His Leu Asn Thr Ser Cys Glu Met He Asn Gly 

210 215 220 

Leu He His Thr Pro Val Asn Ala Ser Val Pro Asp Phe His Ser He 
225 230 235 240 

Phe He Asp Val Arg Asp Val Ala Leu Ala His Leu Tyr Ala Phe Gin 

245 250 255 

Lys Glu Asn Thr Ala Gly Lys Arg Leu Val Val Thr Asn Gly Lys Phe 

260 265 270 

Gly Asn Gin Asp He Leu Asp He Leu Asn Glu Asp Phe Pro Gin Leu 

275 280 285 

Arg Gly Leu He Pro Leu Gly Lys Pro Gly Thr Gly Asp Gin Val He 

290 295 300 

Asp Arg Gly Ser Thr Thr Asp Asn Ser Ala Thr Arg Lys He Leu Gly 
305 310 315 320 

Phe Glu Phe Arg Ser Leu His Glu Ser Val His Asp Thr Ala Ala Gin 

325 330 335 

He Leu Lys Lys Glu Asn Arg Leu 
340 

<210> 4 
<211> 18 

<212> PRT 

<213> Issatchenkia scutulata 
<400> 4 

Arg Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala Leu 

15 10 15 

Asp He 
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<210> 5 

<211> 15 

<212> PRT 

<213> Issatchenkia scutulata 

<400> 5 

Val Val He Thr Ser Ser Tyr Ala Ala He Met Thr Gly Asn Pro 
15 10 15 

<210> 6 

<211> 23 

<212> DNA 

<213> Artificial 
<220> 

<223> PCR primer 
<220> 

<221> niisc_feature 

<222> (3).. (3) 

<223> n; inosine 
<220> 

<221> misc_feature 

<222> (6).. (6) 

<223> n; inosine 
<220> 

<221> iiiisc_feature 

<222> (15).. (15) 

<223> n; inosine 
<220> 

<221> niisc_feature 
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<222> (18) . . (18) 

<223> n; inosine 

<400> 6 

acnggnttya thgcnytnga yet 

<210> 7 

<211> 26 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 
<220> 

<221> raisc_feature 

<222> (6).. (6) 

<223> n; inosine 
<220> 

<221> misc_feature 

<222> (9)..(9)<223> n; inosine 

<220> 

<22I> misc_feature 

<222> (18).. (18) 

<223> n; inosine 
<220><221> niisc_feature 

<222> (21).. (21) 

<223> n; inosine 

<400> 7 

ggrttnccng tcatdatngc ngcrta 

<210> 8 



<211> 341 
<212> DNA 

<213> Issatchenkia scutulata 
<400> 8 

cattgataat ttattgtcta agggttattc cgttattggt acagctagat cccaatctaa 60 

atatcaacca atccttgatg ctttcaagaa aaaataccct gatgcaaatt tgacttttga 120 

agttgtccct gacatctcca ctgaaaacgc attcgatgat gttttgaaga agcatccaga 180 

aattactgct gtccttcaca cagcatctcc attctctttt ggtttgaaca aggatctgaa 240 

ggaagcatat ttgaagcctg ccgttgatgg tactttgaat attctcaagg caattgagaa 300 

gtatgcacca caggttacta aagttgttat cacatcttct t 341 

<210> 9 

<211> 28 

<212> DNA 

<213> Artificial 

<220> 

<223> PGR primer 
<400> 9 

agggttattc cgttattggt acagctag 28 

<210> 10 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> PGR primer 
<400> 10 

gagaatggag atgctgtgtg aaggacagca g 31 
<210> 11 
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<211> 1212 

<212> DNA 

<213> Issatchenkia scutulata 
<220> 

<221> CDS 

<222> (55).. (1092) 

<223> 

<400> 11 

tcatgacctg tccactgata gcatcatacc aaacatattc agtatattgt aaca atg 57 

Met 
1 

teg aac aaa aca gtt eta gtc ace ggg get aee ggt ttt att gca eta 105 
Ser Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala Leu 

5 10 15 

cac ate att gat aat tta ttg tct aag ggt tat tec gtt att ggt aca 153 
His lie He Asp Asn Leu Leu Ser Lys Gly Tyr Ser Val He Gly Thr 

20 25 30 

get aga tec caa tct aaa tat caa eca ate ctt gat get ttc aag aaa 201 
Ala Arg Ser Gin Ser Lys Tyr Gin Pro He Leu Asp Ala Phe Lys Lys 

35 40 45 

aaa tac cct gat gca aat ttg act ttt gaa gtt gtc cct gac ate tec 249 
Lys Tyr Pro Asp Ala Asn Leu Thr Phe Glu Val Val Pro Asp He Ser 
50 55 60 65 

act gaa aac gca ttc gat gat gtt ttg aag aag cat eca gaa att act 297 
Thr Glu Asn Ala Phe Asp Asp Val Leu Lys Lys His Pro Glu He Thr 

70 75 80 

get gtc ctt cac aca gca tct eca ttc tct ttt ggt ttg aac aag gat 345 
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Ala Val Leu His Thr Ala Ser Pro Phe Ser Phe Gly Leu Asn Lys Asp 

85 90 95 

ctg aag gaa gca tat ttg aag cct gcc gtt gat ggt act ttg aat att 393 
Leu Lys Glu Ala Tyr Leu Lys Pro Ala Val Asp Gly Thr Leu Asn lie 

100 105 110 

etc aag gca att gag aag tat gca cca cag gtt act aaa gtt gtt ate 441 
Leu Lys Ala He Glu Lys Tyr Ala Pro Gin Val Thr Lys Val Val He 

115 120 125 

aca tet tct tat get gca att atg aca ggt aat cca agt cat gtc cac 489 
Thr Ser Ser Tyr Ala Ala He Met Thr Gly Asn Pro Ser His Val His 
130 135 140 145 

ace agt gaa acc tgg aac cca att aat tgg gaa aac gat gtg aag aat 537 
Thr Ser Glu Thr Trp Asn Pro He Asn Trp Glu Asn Asp Val Lys Asn 

150 155 160 

gaa tac ttt gca tat att gcc tec aag aeg tat get gaa aaa get gcg 585 
Glu Tyr Phe Ala Tyr He Ala Ser Lys Thr Tyr Ala Glu Lys Ala Ala 

165 170 175 

aga gat ttt gtc aag gag cat aag gtc aat ttc aag tta gca act gtt 633 
Arg Asp Phe Val Lys Glu His Lys Val Asn Phe Lys Leu Ala Thr Val 

180 185 190 

aac cca cca tac gtt ctg ggt cca caa tta ttt gac ttc tea gtt ggt 681 
Asn Pro Pro Tyr Val Leu Gly Pro Gin Leu Phe Asp Phe Ser Val Gly 

195 200 205 

cca gtc ttg aac act tec aac caa ttg ate acg gat gcg act aaa att 729 
Pro Val Leu Asn Thr Ser Asn Gin Leu He Thr Asp Ala Thr Lys He 
210 215 220 225 

gat aag aac tct act aag ecg gaa tta ggt aca cca get tta gca gtc 777 
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Asp Lys Asn Ser Thr Lys Pro Glu Leu Gly Thr Pro Ala Leu Ala Val 

230 235 240 

gat gtt aga gat gtt get gcg ttc cat gtt tta cca ttg gaa gat gat 825 
Asp Val Arg Asp Val Ala Ala Phe His Val Leu Pro Leu Glu Asp Asp 

245 250 255 

aaa gtt gca agt gaa aga tta ttt att gtt get ggt cca gca gtt gtt 873 
Lys Val Ala Ser Glu Arg Leu Phe He Val Ala Gly Pro Ala Val Val 

260 265 270 

caa aca ttc tta aac ate ate aac gag aac att eca gaa ctt aaa ggt 921 
Gin Thr Phe Leu Asn He He Asn Glu Asn He Pro Glu Leu Lys Gly 

275 280 285 

aag gtt gee eta gga gat eea get tea gag aag gag ttg att gaa aag 969 
Lys Val Ala Leu Gly Asp Pro Ala Ser Glu Lys Glu Leu He Glu Lys 
290 295 300 305 

cac aca gat aag tat gat ttg aca aat ctt cac aac gtt att ggt aaa 1017 
His Thr Asp Lys Tyr Asp Leu Thr Asn Leu His Asn Val He Gly Lys 

310 315 320 

tat gat ttc att cca gtt gaa aag tec gtt gtc gac gtc tta gaa caa 1065 
Tyr Asp Phe He Pro Val Glu Lys Ser Val Val Asp Val Leu Glu Gin 

325 330 335 

tat tac aaa ate aat aaa att gat tag tttatataga aaattttata 1112 
Tyr Tyr Lys He Asn Lys He Asp 

340 345 
gctaaaggcc gaatcaactt ctttcttcct cttcaaaaaa aaaaaaaaaa aaaaaaaaaa 1172 
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1212 
<210> 12 
<211> 35 
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<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 

<400> 12 

cggaattcat gtcgaacaaa acagttctag tcacc 35 

<210> 13 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 

<400> 13 

gctctagatt aatcaatttt attgattttg taatattg 38 
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(s) -2-^1^^ /—;\-jL\± (s) -2-^=^r■^^y — /i-^M3ti-s;^feJ-Ki-So 
(s) -2--<:/i5'y— /^fcsv^^:i (s) -2^^^y— /v^^b^S^tcM^ti-^ 

^ifei: b-CJi. 2— O-^y^-tc^UJj^l^T^ KT^>i:iJ^/v=i/7iJ^ h 
>'75^b^-5T''^Ky-^— ^feTX-5S7U^tT5::^^fe (J. Am. C h e m. S 
oc.s Vol. 123. p. 5956-5961, 2001) Xfis 2-^^-^ 
/^{C^U^^StiTj^n^/^rffiVNTjlTn-r 5:^fe(#^¥^l 1-2 4 O 8 9 4-^<5^ 
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wo 2005/075651 PCT/JP2005/002093 

fi2— a:9Mat-r§*-^S(Te t r a h e d 
r o n : A s y mm etry. vol, 14, p. 2659 — 2681, 20 

UT^fflJ^^tS-a-^-trfeS m-^U. ffl^<i^PIBO 0/24 3 5 8 

^^=7>-^y^^mm<o^Wt§u^fii^ii\^xi^m^i\^x\^-h m^\t. #§shs6 

2-265279 •^^^?r#fiS„)o 

^^^14^i2--^i/l5'>'— /^^fflV^fc (S) - 1 - y '^/V'^^^/W CI vmC>-§* 
^>5S^'&$tl.XV^;5 ( J . Am. Chem. Soc, 1950, 72, 4695 )o 

t^^v^Ji. ^#JUfci/^T/w=i— /H^i^bXMIiJ^. :9-S'JS<^:$>^4:55::^# < s # 

-r6^^!li*V^<o^^^btb■CV^^ J. Am. Chem. Soc, 195 

0, 7 2, 4 6 9 5,^t)^No u V e a u .Journal de Chime, 
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wo 2005/075651 PCT/JP2005/002093 

1 9 8 5, 9, 5 5 7^#^>o)o \,^-rfhhKft:^Mm(Dmmti:mWM:. — 

is»sx% t^-Dmi^ (i8 o°c) ^^■^Mt't^^Lt^^^^, nm^^Mi-xmrn 
fc. h i^mta ^mm^Mi^x^ mmm^m\^^ ^:Ltx-x^ ^ux-m.^ 

'^^:^m m^it. J . Am. Chem. Soc, 1993, 115, 801^ 

mMo) ^> mm^TMm'r?>:^m m:^f£. org. Lett.. 2002, 
~:^Mm'¥xi 0 0-15 ox^nm<Du^xRjt^^n ^ mi>^hti^x\,^^ m 

x.Us J. Org. Chem., 1983, 48, 2994 ^#^.o) 

Mx.x. 5 -mit^m (om^M^.^^m^ ^ ^ tvx v ^ § <d < . 

'^}V^=f-f\^-^ p ^^^^ ;^ x/v^o-a-fife^ ^ b "C fix v- h a n — b^^-f 6 
*fe (^J;tt^x H^<2jil0O 0/24 3 5 8-i-^-?^^>'l-'5/ :SS^e>tfrv^ 

^^mt>^-o^^^X^^%(Of^mt^h^f^. ^fc. ^^^^41 -pf^/i^^ 

ix^/w CI ^-M^^^T^/K^-o-j^^^ u-rti. 1 , 4 — #JnSj;&T?'^j5fe-t-'6;^ 

^ Tetrahedron Asym., 2001, 12, 1151^ 

#PJ ^s^^tbTv^-5:0>s +^;^i^^^^^>#e>t^.>^cv^fc^6 (]^::^:5 0%e e). 

— 1 - ^ ^/uT/u:3r/w-^ CI. J; -a-^T^ 5 3 - ^ ^ 
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wo 2005/075651 PCT/JP2005/002093 

o^a Vl^mm^m^Mir^^WMt^M<DHMRf^- m^i-t. He 1 v. Chi 
m. Acta., 1985, 68, 2 1 2^#fiP,o) t^^^tlXl^^^. Vt^V. CI 

v\ *fc. '7±^^t^m(D^^^pi wm^6 2-26527 9^{ikm 

^ffl#fP0 5136020 2S.U^T etrahedron, 1977. 33, 
2 8 9^#fi^o) ^3^fet^-CV^5^S. #^15gd^0^g;JDl^-efc5^<^^®dSfeofCo 
*fc. ^^^141 -p^^^/i^^'^/Wcr^^O-g-^^Slfife^ia^ (J. Am. Ch 
em. Soc, 1950, 72, A 6 9 5 ^m^Mo) . y^'^ittm< ^ >'^^ 

$ 1 — ;^ 'f-jV^'f^fV-^ n (Nouveau Journ 

al d e Chime, 1 9 8 5, 9, 5 5 7 ^#figo) . MtJ«lCjfclt'l45£^-e 
^-</u$ixfc^^?§ttl -^^/l-T'D fcVW-^n^/^ ( J . Am. C h e m. So 
c, 1 9 80, 1 0 2, 7 3 4 4^#Mo) <^'^■^^^!l;&^^fet^''CV^6o U;«>^b. 
-vn>'^rc;7;7-/^i:<^S;£:(D|^t;i;ft^F^ (12^^i^_b) ^Wf^^^i. 

Rm^^^^^xm^ (i8o"C) ^'^-^mt-r^^t, =i:^vi)m<^)i^tif=}x\±fi\f'- 
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^mm(Dnm-i. x'o^^m^(oM\f^ (s) -2— <^^^y-/ufesv^fi (s) - 

2-^^'^y—Jl^.B^V<i^yt^mm9 9. 0%e. e. U±(D (S) -2— 
>5'/-/^*>^V^« (S) -2-^^1^y-^i^^X|^6^tc^^-I:\ ^^liiMitX'tS 

(Brettanomyces) Jg fj: ^ id JRi" ^ ^ m<DW^m S^ffiV^^:lt{Ci:^5. 2--<^' 
>feSV^ti2-^=3ri^y i/^SK^ LT (S)-2--<>'r?y-/VfeSV^tt (S) 

e>^^:^ _hffi^^i^2^0— oi: bT-ri^^^>'^T (Issatchenkia) WM^^^^ 2- 

-<v^5f y :/xt-i2-^^^y :/^m7cUT (S) -2-^^i5'y — /v-xti (S) -2- 
«;&^oiaift^Te6^«^ (s) -2— <v^5'/-7^fe§v^}i (s) -2--^=^i^y- 
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wo 2005/075651 PCT/JP2005/002093 

( 1 ) w^mm u < i-mm.^^^um. m^±m^ u < nmmmmm. mm± 

ii^^U< :5:t;?//X{i. ^m»^U< JiflBBa;&>??#b;jT.5;«7/V5j? 

(3) 2-^>'iJ'yVXfi2--s:3E^i?-/>'JC, 

(Brettanomyces) ^'t^'f-f^ (Candida) ^/^"tT (Hortaea) JR^ •i' 
1^'^al:/^T (Issatchenkia) JS. d 5A-7^t3 -fe;^ (Lodderomyces) 
T (Pichia) o K h/l^^ (Rhodotorula) JR. T/l'^ n/^i?- ^J? — (Arthrobacter) 
JS, yutf^^tJ^xUl^A (Brevibacterium) Jg. ^/Ub/^^xUl^^A 
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(Crutobacterium) ^-^^"^^f^:^ (Geobacillus) Wk. 

(Microbacterium) f^A (Ochrobactrum) M > /< "7 =i :^ 

(Paracoccus) V y^'>J>^ (Rhizobium) M> p K y ;^ ^ (Rhodococcus) h 

b-r^n%^nm. (s) -2--<>;5'y— /i-xti (s) -2— ^i^y— /K^i^st;^ 

fee 

(4) 2 >- ^ / i/Xtt 2 ^ 1h y >- . ::/i^5'i5'/-^-r-fe;^ 

(Brettanomyces) JR^ ^-Y^xVi?" (Candida) JJ^/^T^T (Hortaea) M,^ ^ 
1^^a:V^T (Issatchenkia) JS^ a c-^-Y-fe^ (Lodderomyces) t:°^ 
T (Pichia) ^ H (Rhodotorula) T/V;:^ ny^:^^ — (Arthrobacter) 

Jg^ (Brevibacterium) Wk ^ ^ ;V Y /'^ T 

(Crutobacterium) Jg x ^•^^^'f-?^:^ (Geobacillus) JR. ^^n/^i^xyt>3. 
(Microbacterium) JR. xi/<^ (Ochrobactrum) M > ^ -y)3 

(Paracoccus) Wk^ (Rhizobium) M . n K =i 5^ :^ ^ (Rhodococcus) ^ f> 

(s) -2^i^<Jf /— /i^Xti (s) -2--^^1^y-/^^:^^^^^ 
i-SiU^fe^^ifi^ (s)-2--<>'^/-/i-Xf* (s)-2-^^f-y-/i-oM5t:^i*o 

(5) ''^'^^Hlfi. -f\y-y^J-^-^-^:7^--:f;V'!7-^\^l^-y:^ (Brettanomyces 
bruxellensis) . 'ZfX^V^ J ^ * T / ^ ^ (Brettanomyces anomalus) . ^ 
^ ¥' ' "7 r^^9 (Candida f amata) . ^ ^ ^^xV • ^ (Candida 
krusei). ^ V ' -^^^ h—'^- (Candida maltosa) . ^^>'y^^^' h n tf 

]) (Candida tropicalis) . ^^l^T'-iy-^^'^y^y^P^ (Candida 
zeylanoides) . ^/VxT • ^ Jl^^-y^ (Hortaea werneckii). ^ •f-'^^^'y^T • 
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J^rJ'^ji^ — ^ (Issatchenkia scutulata)^ n 5/ xt^-^^-fe • nip j^jj?^ 
^ (Loddexomyceselongisporus) ^ l:'=^T • T ^ (Pichia angusta) ^ t°^T • 

^v"^^ (Pichia besseyi) . f^T • :^ h 7 7 (Pichia cactophila) , 
T • -fe=^'tf^i/i/;^ (Pichia segobiensis) > "^^T ' :^^<?V=t -C^^^ (Pichia 
spartinae)^ fc'^T • h Wm3 7^'^ (Pichia trehalophila) , n K h/^-^ • 5 
55 — ^ (Rhodotorula minuta) ^ n ^J?^ — • ty-^l^:^ (Arthrobacter 

oxydans) ^ T/l^;^ a-z^^^ — '/Jfy^ a -Jr^;:^ (Arthrobacter polychromogenes) ^ 
T/l^:^ 13/^^ • (Arthrobacter sp. ) . T /I' ;^ 0^-^:5^ • a 

;^ (Arthrobacter sulfurous) ^ y'^ f >>■ -7^ y «;> -A • :7' ^ — ;^ ^ 
(Brevibacterium butanicum) ^ ^ u Y y- }} ^ 2\ • ^ ^■,'7 T 
(Curtobacterium f laccumfaciens) x <>*::^/^^/^;^•-?^■7^Tl31^ — 
(Geobacillus stearothermophilus) ^ ^ -i^ xi ^^■i7 T V ^ ' "7 / V 
(Microbacterium keratanolyticum) > ^7'^''^^^7'])'^7Ji^^•^^/U■^:^ 
(Microbacterium saperdae) ^^^^^V')) ^7^*^;^ t"^ — (Microbacterium sp. ) ^ 
$ ^ y • 7^;^ ^-fe 3. (Microbacterium testaceum) ^ •:^-!7 xi/<y=7 

A • T^^ (Ochrobactrum anthropi) , ^7 "Ci^^i^ b^A • au-7\f — 

(Ochrobactrum sp. ) (i^jt— K^"^-^ * i^'^'^P ^ (Pseudomonas ovalis))^ ^ 
V^7' 'r=- h\} y ^C^l^T. (Pracoccus denitrif icans) . V ^^^^-^ ' 9 v^^T^^ 
^ ^ — (Rhizobium radiobacter) 'Bl^^ ^ Y ^ V 'fJ 7- - =sL7\f— (Eihodococcus 
sp. ) ( =1 y 4^ 7^ y fj7 A . Y VI jy^-^ 7 7^ ^ J>> (Corynebacterium 

hydrocarboclastum));5^e)^£Si^J; D ^fmS^^^i^-efeS r i: tr#iltii-5± 
IE (3) Xf:i (4) \Z.^m.(Om^-)oWi. 
(6) 2--<^>J^y 2 --v:3f-y- tIB (a) ~ (F) (O'^M^O'D 

a^-r^K^^^^ (S) -2--<Vi5?y-/^X« (s) -2-^^^ J —;V(omM. 
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iE^iJ^WU. ;;t7/U3i?^/^S^5s7cUT3t#?&ttTyv=i— /^^-a-^-rs«^;'3^^•r 
(D) SBa^J##2(C|B^<^:^XgB^'J^^|-r5DNAo 

(E) ia^iJ#-^2l^ffiS<^^SiE^iJi-*5V^T. 1 #;?n] 

(F) iB^J#-^ 2 t;ifB«i^:^Sia?iJ^ fcfi^(7)taffi@H^iJ ^ ;^ h y ^-i^^ >- b J^cf^ 
Ao 

(7) TIB-^^ (1) 



(R) X{i (S) - l-7«^/^T/V=3r/l^-^n>'m^ 

t-r^. Tffi-«3:^ (5) 




CO2H ( 1 ) 




(5) 



X-m^i^^ (R) Xii (S) - 3-p«^/^;^7/^^^>'^<^M3t:fe-&o 
(8) TIB-^^ (2) 
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OH (2) 

(3) 

X (3) 

(9) 

(4) 

(1) 



C02H ( 1 ) 

-e^^ns (R) Xlt (S) - 1 -p<'5^/V'T/V'=^/^-^ci>'MC)M5t:3^?5fec 
(9) TIB-^^ (1) 



C02H (1) 
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X-m^ti^%^nmf>^9 OVo B Bg.±x^:h^ (R) - 1 -p^^^/ut/i^^/V'-^p:/ 
Xfix ( S ) - 1 - ^ ^/VTfV^)\^^ a 
(10) R^3dSn-:7't3t:VP'SXttn->^^/^S-efe5::i:^#i!c^-rS-hie 
(9) (cfS«(D (R) -1 -7«^/WT7W^/W-^D>'^. X«x (S) -l-p^^/l^ 

(1 1) 2-^^^i?y i^tSJE&u-c (s) -2-^1^1$^ y —^i^^^^ir^m^^m 
mi^^^nf^M^^^<i:^^^Mi^^2-^:yi^ / iyi<ii^m^-^tit^\^. 9 5%e . 
^g14;3siomg (S) -2--<^'^y-/i-/'g^i^0#:M»/B#F^ WJbT'^S 

itffl^it. (S) -2— n^tltl (S) -2-^^^i5'/-/V 
:^/i^7i>:i^/Hfc5^J^S;S$-^3:^wi:i;L<3: TIB— (6) 

^ (6) 

(1 2) 2-^^-^/ i^tRJt-l^X (S) -2— — /k^^^-r5?Si4^W 

mi^^^M^m^vf£\^^±mi^^2-^^'^yi^Ki'^m^-^fct^ii^. 9 5%e. 

e. U±(D^^mm(D (S) -2-^:3E^i^/-/^^^^^-t-5r ^:dST't. d^'O-^tD 

^Mtt;asiomg (s) -2--^=^i^y-/i«'/g^;^®Mft/B#K iJi±-efe5 
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f^ffi^-^. (S) -2--^=3f-i^y— /i^v^t'^I^U #?>ibfc (S) -2— ^=ari^/-/^ 

^ (6) 

(^tf". Refill -T'^^/P^T'fe*?. Xi*;^/V'Xf^=-/V;^=3rv'S^^-ro) 

(1 3) #bttfc-^^ (6) -e^^i^^3fe#Stt^^^^. :^S#&T. 
(9) 

^ (9) 

T-^^tL^^^^i^^ja^SJS^ii:. Tta-^^ (7) 

^ (7) 

•r'^$*LS^#«tt'fb-a-#»i;:^J^-rsxm^$e>{e:-^tp. JiS (1 1) XJi (1 

2) t3:|S^(7);feti^o 

(14) (11) Xfi (12) ^^:fBit<^;^&{c:j:t)#b4^/c— (6) T'^ 

:^S#ftT. (9) 

(9) 
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xm^^^mm^mMtRit^^'t. rm-^^ (7) 

(7) 

(^tf. R^^U^R^fMiairl^a-efe^o R''fin-:/o tVuSXfin-r/^^/V- 
CO2H ( 8 ) 

T*^$;h.5 (R) - 1 -p«^/^:7^^/^^ci>'^Xfi (R) - 1 - ^^i^^y-^/^ 
(R) - 1 - 7« ^/w^^-^/i--^ n ^^®?(^M3t::^^o 

(1 5) _hfa (1 1) Xfi (1 2) l;i|Bm<o>^fefr-J:^#bti.fc-^^ (6) 

(9) 

T^^ti.^^^^^^^Jir^^S^^'^s TfB-^^ (7) 

(7) 
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pj4X^C02H 

CO2H (8) 

X-m^ti^ (R) - 1 ^/V-^^^/Wn i^MXtt (R) - 1 - ^ ^/l^^l^^/i- 
^ btc#^nfc (R) - 1 ^^y^y^/i^-x-P x^XJi (R) - 1 - ^ 

(s) -2— o^/— /kXfi (s) -2----^ihy— 

(S) -2-^>^ (Xf* (S) -2--^^^-^ -yl^) SrM5ti-a 

:^M^^2— O-iJ^yV (Xt^ 2— ^^f-/^-) K^m^^1t.b^\Z.^ 9 5%e. 
e. U±(Dyt^m.m(D (S) -2-^>i?/— (Xf* (S) -2-^:^r1^y— 

Tb^-^^co^mm^ljng (S) -2— O-iJ?/— /u- (Xfi 

xii (s) -2-^dfi^/^/^) /g^jjiii^ima/NFrBi ij^i-h-r^ij-sr 
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t^K. 9 5%e. e. U±(0^^f^^(D (S) -2--<^^/-/V. iXi^ (S) - 
^^^-r^^tt^-V^. f)^<:>^(D^miS^i>^lins (S) -2- 

-o-^j^y-zi- ixi^ (s) -2— ^^r1^y-/^) / g ^Mffii*:il*/'B#P^ i^-t-r- 

<Z)MS^i^^^^i:-r '5m:^#»*fc^i?^W^m^!^«^fflV^/c (S) -2 

(s) - 2— /V'^]it:3^^fefi. mwm\z.mt}tmmfi^i}^f)^^. 

^fife-rs (s) -2--<;xi5'y— /u-xfi. (s) -2— — /^OTfe^^^f^g 

5%e. e. ^^Jb-efe^^ff J;VNdS^ $f^b<(i9 8%e, e. . $ 

iC^*U< fi9 9%e. e. JJl_h-efcS„ 

^fd. (S) -2--<:/:$'y— /H;ioVNTO^mi4l*. Img (s)-2--<v^y 
—;v/smMmW^MM./n^ £4Ji-efc:ixf^J:VN*s^ $f^U<t-±2ing (S)- 
2 y -/u/ g ^#®#:fi«/^ra iJil±t?fe «) ^ $ b tC^J * U < t:i 5 m g 

(S) -2--<>-^/-/l-/g|t#.M^*:m»/^ra- J^-hT'fcO. $e>l-$f*b< 
f*10mg (S) -2^V>5^y-/V/g$li^i«^*:m»/^PNl £i±T-fe !9 . 
«^*U<fi20mg (S) -2-<>-i5'/->'l'/'g^^0#:m»/'^K £t±T'*> 

So 

^fc. (s) -2-^^i^y— /^^c:-ov^T(D^0^4{^. img (s) -2-^^i^y 

— /l^/" g ^^t^^fii/^^l ^_hT'fett{^J:V^;6S, 0*L<Ji2mg (S)- 
2 --v^f - y -;VX g ^J^m#:fi*/^PBT > $ e> t-^* L < 5 m g 

(S) -2— dff-y^/l^/g^jttS^fiA/'BfPBl i^±-trfe«9. $e>(C^^L< 

j^iomg (s) -2--^:¥1^/-/^/g^a^*:M*/^PB^ i2A±T*&t). 
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lJ:0*U<fi2Oing (S) -2^^i^7'-7V/g^i^®^m»/^^B^ UJLJi-e 
^e>t;i0*U< }i5 Omg (S) -2 — /W/ g 

£JlJi-efe«9. #i-^?^b<(ii 0 Omg (s) -2-^:3fihy— /i^/g^j^^ 
^mmo:> (s) -2-^Vi5'/— (s) -2-^^'^y—/i^<DmM:^W:(o— 

:2^^5^{-ffivNS:!&7W/j?::^7v3S7ciFilJ*2 — / vx{*2-^=ar1^y i^d:*^) 

(S) -2--<v^ /— /L-Xfi (S) -2-^^-9-y—/^^^^ir^::Lt:d'^X-^^0 

(Dw^w- ' mM{^m(Dm^mmt'^%hnm\^mm-r^:Ltf)^x^^o ^^^j; 5 

fi:mb\.X\t. 1-T-fe Y^l^-^--!7un-2-^n/<yiym^m-f^^tii^ 
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/i^^=.7vm7iimm^=^— Kt-'5DNA^^iiufc=^> ^th^yti^mn<Di&^^ji 

^#1. ZfU^y^y-^^-^:^ (Brettanomyces) Ms (Candida) 

m. ^/l^TT (Hortaea) JR. i^^T (Issatchenkia) Jl o 5^-7^0 -fe 

:^ (Lodderomyces) JR. t°^T (Pichia) u K (Rhodotorula) T 

;u:;<.uy<^ ^ — (Arthrobacter) JR . 1/ tfV^ ^TV ^J>^ (Brevibacterium) Jg . rJ^ 
/V'hy^^y^V 57A(Crutobacterium)Jl. (Geobacillus) JS. :^ ^ 

^TV ^J^(yLicTohacteTium)Ms X2 y< ^ h "7 (Ochrobactrum) >''^^=i 

5/ ;^ (Paracoccus) JR . U If ^ J\ (Rhizobium) M x o K =1 5/ ;^ (Rhodococcus) 
JR;&^b5feS^J: Dj^jm-S^ifci^. ^f*b< ^*-Y1^^^>'=3s^T (Issatchenkia) 

^"^^zj^l^^T (Issatchenkia) MmmtVXn. 4 ^'f'^^^^T - 
'^^^^M^^ '^=^'7^^ (Issatchankia scutulata var. scutulata) 

(Issatchankia scutulata var. scutulata) JCM1 8 2 8^S^ 
l^^Wt^^M^ (Japan Collection of Microorganism (J CM)) ii^A^PTlB 

y-v'^ir;^ (Brettanomyces) JR. =3e--^>'X'f (Candida) Ms i^J^TT (Hortaea) 
JR, uy'fxi'^ 4-^:7. (Lodderomyces) JR. \^^T (Pichia) Ml-JRi"^ 
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$ h ^ U<{i. y'l^-y? ' -fiVif^ U Vi^;^ (Brettanomyces 

bruxellensis), ^^V-rV^?** h o fc';^ y :^ (Candida tropicalis). ^^^^^ 
4 ^ '-^^i =7 J y( (Candida zeylanoides) ^ -^jVtT • >y ^ (Hortaea 

werneckii) ^ Xi -y'r^'^^ ' >'v^>^ 7 ^ (Lodderomyces elongisporus) x 
f^T • lfac>'i/:;^ (Pichia segobiensis), f^T • -t:^ (Pichia 

spartinae)^ T/l^;^ n/^^ — • -ifu tfTf^/U-^ :^ (Arthrobacter globiformis) ^ 
T/v:7^ n/<-i7 ' (Arthrobacter oxydans)^ T/l^:^ nx^iJ^ • 

/jfy :^^n^-ir-:h — g~ (Arthrobacter polychromogenes) ^ !?-^ • "7 

^^^^l^T v'^>'^(Curtobacteriumflaccuinfaciens)s ' :^TT 

=E- 17 ^ "7 ^ (Geobacillus stearothermophilus) ^ K 7 U V ^ ' 7. 

^ -fe 3s (Microbacterium testaceum) ^ :s^:^l3/'^^^7A•T>'^I=It''>— 
(Ochrobactrum anthropi)^ X2/<-7 • tf— (Ochrobactrum sp. ) (i/ 

K^-t-;^ • -^/^ V 7 (Pseudomonas ovalis)) . V y^^^J>> - 7 ^ — 

(Rhizobium radiobacter) ^M(Oh(Di!)^^\f^htl^a 

Mrii^^i^i'i. • -f )V 7 \^ (Brettanomyces 

bruxellensls) NBRC 0629. -f \^ v ^ J ^ ^7.* ^^W^ -k U ^^i^;^ (Brettanomyces 
bruxellensis) NBRC 0797, ^^^^"r ^ ^ • h a t;':* y ;^ (Candida tropicalis) 
NBRC 0006. ^\l^7^ 4 ^ ' -^-^ f / ■i'fT. (Candida zeylanoides) CBS 6408. 
^\:y'f ^ ^ - 7 J -CfT^ (Candida zeylanoides) JCM 1627. aJ^/I^t^T • l> 
in/W;^5^dr (Hortaea werneckii) NBRC 4875. xi •y^U'^y(-^7 ♦ a::a>'i/7^^ 
7 7. (Lodderomyces elongisporus) NBRC 1676. \f^T'^^\f:^ly''y7 (Pichia 
segobiensis) JCM 10740. t°^T • 7^<;V=t (Pichia spartinae) JCM 10741. 

Ttvysn/"^^ ' :^^ci b'/^/l^^ X (Arthrobacter globiformis)NBRC 12137. T 
;V7.xi^<-^ ' yt^iy'y:y7 (Arthrobacter oxy dans) DSM 20120. T/^^n^"^^ 

' 7 ^-j — (Arthrobacter polychromogenes) DSM 342. ^/l^h^'^^ 
TV ' •7 7^=^7r ^^=^1^7 (Curtobacterium f laccumfaciens)ATCC 12813. 
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^^^^'f- • >^ ^ T n ^ — ^ y ^ "7 :^ (Geobacillus steaxothermophilus)NBRC 
12550 . -^^3r/'^^/^^ •^7^Tt3i^ — ^7^^;?^ (Geobacillus 
stearothermophilus) lAM 11002 , '^^:f^^^/^:^•^7^Tt21^ — ^^7^^;;?. 
(Geobacillus stearothennophilus)IAM 11004. y;^^^^/^;^ • ;^7^T^='1^— ^7 

(Geobacillus stearothermophilus )IAM 12043. ^ ^ ny<'!/ t^)} ^ ' 
;^i?-fe:!>A(Microbacterium testaceum) JCM 1353. • TV h d 

1^— (Ochrobactrum anthropi) ATCC 49237. :t ^ ^ ^ Y y • =^ ^ — 
(Ochrobactrum sp. ) (v'^.— K^"^^ • ^^"''^ ^ ^ (Pseudomonas ovalis))NBRC 12950. 

iny^i^- h ^ • =^:^ t:°— (Ochrobactrum sp. ) (v^zi.— K-^"^;^ • )) ^ 
(Pseudomonas ovalis)) NBRC 12952. ^^<^ • (Ochrobactrum 

sp- ) (i/^— K^:^;^ • V (Pseudomonas ovalis))NBRC 12953. V ^ A • 
^ — (Rhizobium radiobacter) lAM 12048 ^^(D h U < ffi 

y-x'-^'-fe;:^ (Brettanomyces)JR. ^■Y^'T'V^' (Candida) S. 
T (Issatchenkia) M. o ^/-^ (Lodderomyces) f^T (Pichia) 

m. 13 KV/V^ (Rhodotorula) mi^M,-t:^U±m^^<^h<Di^Mi^l^<B 

•?:tl/?3<Z)'^'"T?. 1^5/ / • Ty (Bret tanomyces anomala). ^ 

^^^"f ^ ' yr^—^ (Candida famata). :/"7^-f • (Candida 
krusei) . ^ ^ ^-^^ -i ^ • -^/l^ h (Candida maltosa) . ^ W * 7 
y -f X (Candida zeylanoides) . A "f^^^ly^T • ;^ ^ 7 — (Issatchenkia 
scutulata) . ta 5/ -7^ a -^-^ -fe . 3:. n V v?:?^ /i> 7 (Lodderomyces elongisporus) . 
fdrT-TV^:^^ (Pichia angusta)..t°^T-;*?iJ^ h ^ (Pichia cac tophi la). 
1::°:3{^T (Pichia segobiensis). t°^T • YX^^-^uy 4^7 (Pichia 

trehalophila) 'SlXJ-. n K h/V-^ • .t^' (Rhodotorula minuta) ^^(0^(0 
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Mi^fl^ l^fis -:fU-y'^/-^-{±:^'Ty-^^7 (Brettanomyces anomala) NBRC 
0627. ^T"^^^ (Candida famata) ATCC 10539, ^^Vt'V^?' * 

^/U±4 (Candida krusei) NBRC 1664, ^^>'7^-f ^* ^/Uis:^ (Candida krusei) 
JCM2284, =3E^^:x-r ^ • i^/^-fe'T (Candida krusei) JCM2341, ^^>'^^ -^^ ' 
-^JV h — 1^ (Candida maltosa) NBRC 1977, ^-Y ^'t'V ^^'"•-^V ^ 7 (Candida 
zeylanoides) CBS 6408, y^^^^zxL^^^T • ^ ^ ^ — ^ 

(Issatchenkia scutulata var. scutulata) JCM 1828, n 5/7^13 v^-fey^ ' :x. 
xi^^V'^^T^^ :^ (Lodderomyces elongisporus) NBRC 1676, t°^T • Tl^^:^'^ 
(Pichia angusta)NBRC 1024, \f^T • T^'iJ^;:^^ (Pichia angusta)NBRC 1071 t° 
• Y'y (Pichia cactophila) JCM 1830, t°^T • -fe =^1^ ct^/v^;^ 

(Pichia segobiensis) JCM 10740, t°^T* h l^/Nn :7 ^ =7 (Pichiatrehalophila) 
JCM 3651 'BCJ-^ n K h/l^^ • 5:^? — (Rhodotorula minuta) NBRC 0879, T/U 

-oi;^ (Arthrobacter sp. ) DSM 20407, TfV:^'ci^<^ ^ — 
;vy\^^7^ (Arthrobacter sulf ureus) (^l^lf^^^T"}) ^ ' -^/Vy U^J>, 

(Brevibacterium sulfureum)) JCM 1338, -f U }:f ^< ^ ]) ^7 • ^ K 

(Brevibacterium butanicum) ATCC 21196, -fXy'd/'^^'T^ ^ ♦ i?-7V:7Ui>A 

(Brevibacterium sulfureum) JCM 1485, ^ "a y/^-i^T^) ^ • •7t^3l:7tv' 
^^'J^ (Curtobacterium f laccumfaciens) ATCC 12813,' X2 /"^-^^ V ^ - 
7^/y"7^-f;*A (Microbacterium keratanolyticum) NBRC 13309, ^^xz^^^ 
^ y . (Microbacterium saperdae) JCM 1352, 5;}^n^<^xy l> 

3. •^;^t:°— (Microbacterium sp. ) NBRC 15615, b^A • T>';^t3 

t°— (Ochrobactrum anthropi) ATCC 49237, h^-^ • — 

(Ochrobactrum sp . ) (S/^l— K^•:^;^ • y (Pseudomonas ovalis) )NBRC 
12952, h^A • (Ochrobactrum sp. ) (->3-— K^-^;:^ • ;f 

/■^ y :^ (Pseudomonas ovalis)) NBRC 12953, y<y ^^y:^:^ • h ^ :^ 

(Paracoccus denitrificans)NBRC 12442, V. V'lf t> A-^ v^:^-^'^^ i5? — (Rhizobium 
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radiobacter) lAM 12048> U y'tf^J?^ ' y^'^^^^'^'i^ ^ ^ (Rhizobium radiobacter) 
lAM 13129, n Y'=^V^^ ' ^"^^f^ (Rhodococcus sp. ) ATCC 15960 ^^(0^(0 

iZ.i^M^'^fc^icmilSLV. DTT (dithiothreitol) ^(DMtlM^. y^c^jUy^ 
^ :y7.jV'^=^}\''7 fVr^'O F (phenylmethansulfonyl fluoride ; PMS F) (O^fH 

mk.Vt. ■^^^^(OmMm^^-i' ^ DEAE Sepharose F 

a s t Flow (Amersham Biosciences ^M) ^ffi V^fcl|^H' ^ 
h::?''^:7^— ^ Butyl Sepharose 4 Fast Flow 
(Amersham Biosciences %fcM) ^ffl VNfc^TK't^+BSf^ffi jJ^n-rhi/^:^^— . 
Mo n o Q (Amersham Biosciences ^M) ^ffl VNfc|^-f t3 ^ h 

:7>f— , Superdex 200 (Amersham Biosciences %hM) ^fflV^^^-Jr 

(Issatchankia scutulata var. scutulata) J CM 1 8 2 8^tCE^5|5i~-5;^/^^^ 

=^j\^m7mm i^y. ^imm^ ri sadhu t^ir^z.hi)^^^.) kt^ 
h y A-zK y T ^ y /^r ^ K^/^a^^tb (^Tx sds-page 

tciJ:-5 i::9-^»^tJ4 0, 0 0 OD a (D-^^^=:t-=^y h l®;d^b?fc«9 . "^fc. 
Superdex200 HR 1 0/3 0 .(Amersham Biosciences 
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ti^J}ymm^^^^Mcii^^m-i. m^O, OOODaX* feofc„ UJi<0 :Ltt^ 
I s ADH 1 Ji. *\}4 0, 0 0 OD aOy-f-Zf^^^-'y V lUt^(ofi:^^^Mi^X- 
y^t bT. ;{7/VxJ?^/v5§7£^*^m^^#»^<^^^fij5:DNA<D^JIS^^?i'fb«^^ 
:77'-i^s K^^^^lc^AU. :^cmB^?^K^mbX#bti.fc^'i' ^^^^^ 

A^#6^i;;&5-T?#^„ 

|iE^ODNAco^{iltc#*$'^SfcJ?>(7?PCR:r7'i'-^— ^^fhb. ;«7/^7}? 

— c D N A V R A C E (Rapid amplification of 
cDNA ends) & (Molecular Cloning 3 rd Ed. ^ Cold Spring Harbor Laboratory Press^ 
UT. Molecular Cloning) {31 J: «9:*:^ig<^DNA^#^;^ i: t> RTB^-efe-So 

(Issatchankia scutulata var. scutulata) J CM 1 8 2 8^<D^#,#:DN AjS^ 
^WM^M^:^/l^^^^^7cmm I s ADH 1 ^=r— Ki--5DNAOitS@a^llf*x 
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t^^^/i^^^^-^y^mTtrnMl s ADHlSr^— Ki~^DNA{i, 
m^X^X^ xa^=.l^^'^thti^/ J>^DNA^ fc6^^»c DNAtO^. 

I s ADH 1 ^^t— K-^-5DNAC►/J^^a^/'^^^^ ;*7 7^J}^^— /vSiSTC^^f&tt 

/cC < ^ t> 5 0 %4i;l_b. 0^ b < 7 o %&.±^ J; «? 0* b < 8 0 

■^^ce^Jc:-hlHt?i^^-«^®<7?^^P v'— ^^^^^ 0>^DNA7^— 
^ (DNA Databank of JAPAN (DDB J)) m^^^VC. FAS TA-^B LAST 

S^^V^TDDB J ^^^tCBLAST p r o g r a In5|^ffiV^-C3^^^ d v?— 

•^^y^n-^^^^^'-^U \f-J:r. (Saccharomyces cerevisiae) ^^(DWM^^<D 
^ iy^<^^Y dr541cp protein (iB^!l#-^3 : Accession No. 
AAB64983) "T?^ t) . 4 2 %(7>1=ai^tt^^ bfdo 

^/^c. I s ADHl K-t-5DNAfi. _h|H I s ADH 1 Kf^D 

NA*fc^i^<?52}^*t3^^T'$>oT. :^ ::^y^m7D^*?Stt ^^i- 5 ^ ^^^^ ^ IC 
^n— Ki-5DNA-e&^o 

_hfBi5'://-?i^®^=i— K-r -SDN A i b-CJi. '0»J;tJ^. Ka^J#-^ 2 "e^^ttS 

I s ADH 1 K-r^DNA(D/J^^n^i:fix ;^7/V:?lt'::^/t'S3l7U^^?&'l4 
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<Ji3 0<@jy.Ts a:?)^?^U< til O^mTT'^Sc 

^^#T*fenf^s E^lJ#^2{;i|E^(7)DNA{^^&#^6^igM^A5fe (Nucleic 
Acids Res. ^ vol. 10. pp. 6487 (1982) ^ Methods in Enzymol. . vol. 100^ pp. 448 
(1983). Molecular Cloning. PGR - A Practical Approach. IRL Press, pp.200 

(1991)) v^-c5lJ:g^. !k^. n7<SLa^/-^it.n.¥[ismm-^nM-^^ 

I s ADH 1 ^ = — K-fSDNAc^^jN^ci cJ'^^jff^S ^:«'^"rtg-efcSo 

^fc. I s ADHK^T^ yi^ia^lJ^fcJi^tT)— ^J^. I sADHl^=3— K 
-f-^DNA*:fcfi-^<75— IfP^TTctS:. •er!);tf^ DNA Databank of JAPAN (DDB j) 

I s ADH 1 Ki~SDNAOJ}^^tI IsADHl^=i>- 

^^-rS^^<ZD^;^ife/6^e>^SJbfcDNA{^^b. n n ri-/N^ y -k'— 

/W:7'y iJ^-rX-rSDNA^^Sr i:iJ:j;oTt>]R#-T?#So 
i!' S ^ =1 - K-r -SDN AO r— tfi, bTMVN5cO(;i+^ 
^^:5$<DDNA(^C^-e^i9. ^#:6^JClfil 5 b p J^_h. 0*U< JiS.O b 
JL. i: >9^f* U< fil 0 O b pmJt<D^(7)-C'$>;5o 

#yN^:/y ^r-r-k*— ^-fi.Mo lecular Clonin g^fdfBgt^ 
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-5 V ^ « y ^ — iJ' * 515 <0 D N A ^ fc « ^ D N A <0 if >t ^ @ ^'f k b fc 7 ^ /V' ^ - ^ 

^ fflv^T. 0. 7 — 1. oM(D:^>ft:-:^by i>i^#ftT6 5'c-r*/^-r^y iJ'V-e'-C/ 

3>^^Tofc^. 0. 1 — 2 X S SC^^ (1 X S SC«^m^l:ix ISOmM*^ 

:^7/^7}?=/^5S7c^^^3— K-r-SD NASSAU. ^(Ostfetf - 
jAtfi^i^^^Sfe^o :S.-0^i5^ — iJ' — UT^lJ 

ffi t- -5 ^ife^ 4' :jo v ^ B^i" ^ :i ^ e> ttr V ^ s :7"' a ^ — ^ — ^ - 5: 
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3tfe^X^-it^mKgJ.#tC^-&tCgiUTJ*. Ad V. B i o c hem. Eng. 
43, 7 5-102 (1990)^ Yeast 8, 42 3-4 8 8 (1 9 9 2) 

:x.iy:,z ytr (Escherichia)JRx ^^^/V':^ (Bacillus) 
JR, S^^— K^*^^ (Ps eudomona s) M^ -fe^^T (S e r r a t i 
a) T'l^tV^^T^ y (Brevibacterium)Jl. =iy ^^^^ 

T^Ul^A (Corynebacter ium) JR^ h \^':f h='5/:^7;^ (Str 
eptococcus)MN ^ h/^^^/W;^ (Lactobaci 1 lus) M 

nKaiy;!^:^ (Rhodococcus) Mx 1^7^ f-^-f-fe;^ (S t r e 
p t omy c e s) mfii}£\^Wr^'^^-^'!7 9 --^<DmtL^f\/^^i^'^WMB. 

"^yfjn-^A^^^ (Sa c cha r omyce s)M^ ^n-^-f -fe^ (K 

luyveromyces) ^^y'i^?':*' -ferx (Schizosacc 

haromyces) ^ =f 5/ :;?7 n ^ -^7^ (Zygosaccharom 
yces) -Yn^^T (Yarrowia) Wk. V ^) 3>5^^a >^ (Trie 

h o s p o. r o n) JR^ n K;=^/K y A (Rhodospor idium)M, 
^•N V^:?? ^ (Hansenul a) Jg. t°^T (P i c h i a ) JR^ ^'X'f 

(cand i da) mfii}i\^m.-f^^^-^^ 9--^<om.tL^^x\^^mno 

J ^ }pL7.i^=7 (Neurospora) Wk^ T;^-^/^=¥V^^ (A s p e r g i 
1 lus) JR> -fe:77'n;^2Ky!>A (Cephalospor ium) JR^ MJ 
riX/V"^ (Trichoderma) JR^fc if t-JRi~S^t^^:J' ^-^<^5i3^^tT. 

±.W^^^<0'^Xm^h VXmt. b < Ji.. ^iXai ytT (Eschar ich 
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i a ) JRx ^^^fVy^ (B a c i 1 1 u s) l/UkV^rJ^xU (B r e v i 
b a c t e r i um) =i ^ ^^^i^'r V ^ (Corynebacteriu 

m) Mt?fe 19 X #tC^Ef * b < ytT (Escherichia) 

=1 ]) :^^<^'rV (Corynebac ter ium) J^T?$?So 

\r^^Umi^^\::^Xn ^ ^ tMX*^ (M^tix Mo lecular Cloni 
n g iZ.m^(D:fym)o 

<7) $ V \ 

y t TJS. ytT-^^y (Escherichia col 

^{■f^n. lac (/3-;^f^^ hiXiJ^—- trp ( h y h :7 r V) . 

ta c. trc (lac. tr ^:7r— v?PL. P R ^ ift^lS^fei-S 

r rnB y ^>'^RNAS5je(D^ — 5;;^— ^ — /iifd^^tf e> 

^iJ' ^ — UTf*. p UB 1 1 O^-T'^;^ 5: pC 

19 4^-7"^;^ 5: KJ^^^^s^^^•fs^:^:5sx^. ^fc v^^iJ^i/- ^i- 

i^^— K^•^^M^^:*5V^T^:i^ ^^iJ' — UT(*. V;^— K^-^;;^ • tT^^^T (P 
se udomonas put ida)x v'^a-*— K^"^;^ • ■fe^'^v'T (Pseud 
omonas cepaci a)^£ifxmtL:^nX\f^^~^^ti:^^^^i^—^^s 
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tf) pKT2 4 0 (Gene, 2 6. 2 7 3-8 2 (1 9 8 3)) ^m^f^^ilt^ 

revibacterium lactofe r m e n t um) JdjoV^XJ^x ^ 
— t VXn. pAJ43 (Gene 39, 281 (1985)) ts:t^(D-^V 

y^/^i^T^U Tj^AJg, m^^V ^y^ii'y^V • ^/V^^jJ&i^ (C o r y n 
ebacterium glutamic n jsx) K:iS\/^Xii^^^ -^^ ^ t UTJi. 
p C S 1 1 (#§|BS5 7-1 8 3 7 9 9-^<i^#). pCBlOl (Mol. Gen. 
Genet. 196. 1 7 5 (1 9 8 4)) ti:if(D-^'7y^^ V^:!^ i^—t^mifhth 

•^'■y:i>u-^^ (Sa ccha r omyce s) M> WK'^iy:^^'^^ "fe^ • 
i? (Saccharomyces cerevisiae) tCrJoV^Tf^s 

— tUXfi, YRpm. YEp^, YCpl^, Y I p^:/^y?.^ KdS^tf 

v'y1^^>':^7 ci-^-Y ■fe^ (Schi zosaccharomyces) MlCjoV^ 
^ — <i; UT^i. Mo 1. Cell. Biol. 6, 80 (198 6) 

fi^X^^o pAUR2 24«. S^S3t;&^e>TfTM$tbT*5«5^^{e:fiJ^t?# 

r;^^/l^^V^^ (Aspergi 1 lus) JS^c:*5V^T^^s T;^-</^=¥/^;^ • 
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=^^— (Aspergillus niger). T:^^fV^^v:^ • ^J— (A 
spergillus oryzae) ti:}£t^-^ \f(D^-r:^^ i:<m%^^Xii5 

^•^^-gj^T-^; ^^^<D:/n^— tJ'— ;&SfiJ^pr|g-e^§ (Trends i 
n B i o t e c h n o 1 o g 3^ 7, 2 8 3-2 8 7 (1 9 8 9))o 

tbX*5t). #t;iS^ffiV^ytg;^?feif<^It)i^^' (Nature 315, 59 2- 

5 9 4 (1 9 8 5)) ^W^. h^?^^^^/. i:^-r;«f-r^'^^^*<^^#?^>i-:*c*{^^ 

5 ^ ^-^N" iJ'S^^ — K-r-S :^SBB^J ^^i- -5 D N A ^ — (cM^ji A/ tf^ 
tt6?iiam;ti*:DNA^i^^i-S5fm^mft:^S&. ^DNA^^fe«s:DNA 

v^ti (s) -2— ^^ihy— /v-^^Tt-rawi^^-e^Oo 

N A iJ' ^5? - tcm^ii Ay T'^ f> -5 ;t #:D N A ^U^ir S X 
Yi. ^DNA;lr^#.^DNAl2:m^5iAy-e#bix55^S^^#:^J}&. ^JF^Sfe^ ■ 

(s) -2-<>^^^'/-/^fc-5v^« (s) -2— v:3E^•i^y-/^^M5tt- s- 
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*fc:*:^^}i.:7'l/-^ J -^-f -fe;^ (Brettanomyces)Jg^=ar-Y >'7^-< (Candida) 
JR, -^^VfT (Hortaea) ^i^^a^>'^T (Issatchenkia) JS^ uy'f^'^^ 
-fe;^ (Lodderomyces) Mx tf ^SrT (Pichia) JR^ O K (Rhodotorula) 
X /l^;^ n — (Arthrobact er) JS x tf^"^ :^ "7^ y l> A (Brevibacter ium) JS x 

V^^-i^'rV A(Crutobacterium)Mx -i^':^'''^^/^:^ (Geobacillus)M^ 5: ri^ cz 
-^^i^T^y !j7A(Microbacteriuni)M. (Ochrobactrum) JS. ^'■^^ 

=1 5;^ >^ (Paracoccus) ^'^^7 (Rhizobium) JR^ o K 5/ ;^ (Rhodococcus) 

^'fk'^#»<D;«7/^3i^^=/V'*^:^^i^5TG$-^x (s) -2-^>-i5'y— /^fe5v^f* (s) 

':f^U^yd' y-^^^:^ (Brettanomyces) JR^ ^^Vt^w'^ (Candida) M> 
^/V-T^T (Hortaea)M^ 5'^'i=z "^-^ ir:^ (Lodderomyces) M.Xtix tT^T (Pichia) 

(Brettanomyces bruxellensis) ^ ^ \ ^ ^ ' V xi \f i3 ]} (Candida 
tropicalis) ^ =¥-Y y"f -< ^ • ^ / A (Candida zeylanoides) . '^iV'rT • 
ztL /V-:^ y ^ (Hortaea werneckii ). u-yf^-^^'t^^'^^'^^^^^'^^ 

(Lodderomyces elongisporus) ^ b'^T • "fe ^-^x;^ (Pichia segobiensis) ^ 

f^T • :K/</UT>ct^ (Pichia spartinae). T/W-;^ n/^iJ' . t'^jx/i'^ 

:^ (Arthrobacter globiformis) ^ T/l^:^^y<-!^ ^ (Arthrobacter 

oxydans) . T?\^7^'ii^<-i7 9— ''^'^)^Xi^ff'r — (Arthrobacter 
polychromogenes) ^ ^ fVY/^^ir'y^^) ^ J\' "7 'y^sLZ? y \y=r. i/;:^ (Curtobacter ium 
f laccumfaciens) ^ ^ ^< ;V • ;^7^Tni^ — ^:7^^;^ (Geobacillus 
stearothermophilus) ^ ^■!7n/'s^^y)f;Ji,'y^p^'^-^'C^J\ (Microbacterium 
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testaceum) ^ X2/<^ }- "7 * Tl^ V ^ (Ochrobactnim anthropi) ^ P» 
h V • (Ochrobactrum sp. ) ( 3- ~ K ^ :^ • :t ^< ]) :^ 

(Pseudomonas ovalis))^ y y'lf "^A • ^ v?:;^x^:7 — (Rhizobium radiobacter) 

(Brettanomyces bruxellensis) NBRC 0629^ U^y y ± :^ - -fn^^ -fc 1/ 
i/:^ (Brettanomyces bruxellensis) NBRC 0797. ^^^^^f-i^' h d t:°;(7 U ;^ 
(Candida tropicalis) NBRC 0006, ^^^^"f ' -^4 "7 J ■^'f:^ (Candida 
zeylanoides) CBS 6408, ^-y^-f ^ ' -^-^ 7 J 4 "7^^ (Candida zeylanoides) 

JCM 1627, /fc/V-T^T • "0 ^^^^-^V^ (Hortaea werneckii) NBRC 4875, n-y'fu 
• 3ip (Lodderomyces elongisporus) NBRC 1676, t'^T • 

•^z£\fnL-^l^y^ (Pichia segobiensis) JCM 10740, \f^T':^'^'^?^'T>{'^^ (Pichia 
spartinae) JCM 10741 , T/l':^a^^^i$^ — -iJ^ofjiN/V^;^ (Arthrobacter 
globiforiDis)NBRC 12137 , T /V >^ n ^ ^ — • ^t" =3r v' ^5^" >' ^ (Arthrobacter 
oxydans)DSM 20120, T )V xi /"^ ^ — • /J^yiJ^n^-J^-^ — (Arthrobacter 
polychromogenes)DSM 342 , ^ )V Y ^ J- ^) P ' ^ 7 ^ T ^^^^ ^ 
(Curtobacterium f laccumf aciens) ATCC 12813, • ^-TT ci 1h— ^ -7 

7 (Geobacillus stearothermophilus)NBRC 12550, ff-:t/<'^)\^:^ - t^t^T xi 
•^—^•7^ =y 7. (Geobacillus stearothermophilus) lAM 11002, • 
•7=-X CI ^ y (Geobacillus stearothermophilus) lAM 11004, 

7- ♦ T^-r T ci-f"^^ 37 >f (Geobacillus stearothermophilus )IAM 12043, ^ 
xx/^-i^TV "^J^ • ■7^x?.t?-&!j7A(Microbacteritim testaceum) JCM 1353, d 
/^■^ Y7 ' T^^Yxi (Ochrobactrum anthropi) ATCC 49237, n .'■^iJ' Y7 
. :x.7. (Ochrobactrum sp. ) (e/^— Y^^-^T^ • :t^<V ^ (Pseudomonas 
ovalis))NBRC 12950, ny^^ h^-^ • oc;:^ fc"— (Ochrobactrum sp. ) (v'ca.— K 
^•TTs ' y ^ (Pseudomonas ovalis)) NBRC 12952, :^^x:i/<^ • 3^;^ 

tf— (Ochrobactrum sp. ) (v':a.— K^*^^ • :^^^V (Pseudomonas ovalis) )NBRC 
12953, y >^lf!>A • 7v?:^/-^^i?''-(Rhizobium radiobacter) lAM 12048 
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^{•t^ y-^^-fex^(Brettanomyces)Ms =^ ^^t" V ^5^" (Candida) Ms 

i^^3^>'^T (Issatchenkia) JR, n ^j'-T^o-^-l'-fe;^ (Lodderomyces) JUx t'^ 
T (Pichia) JS, Xfis a Kh/U^ (Rhodotorula) Jli-Jli-5#iii^/6W* b < 

-ttb P> CO "f t?x Zfl^-y-^^y •^-f -fe ^ '7 J'^—'y (Brettanomyces anomala) ^ ^ 
^ ^'f -r ^ ♦ -yr-^—^ (Candida f amata) . ^ ^ ii^T^' ¥ ' ^ /l^-fe^ (Candida 

krusei)^ i^T^V • 7V ] 1^ (Candida maltosa) ^ ^'T^V • ^ 

y -Y^^;:^ (Candida zeylanoides),^i^^al>'^•r •^iJ' 5^ rL^ — y (Issatchenkia 
scutulata)^ n 5/-7^i3 -v'-^-fe;:^ 'jr-P i/v?;^:«J\^ (Lodderomyces elongisporus) 
t;°=^T • T^^-if:^ ^ (Pichia angusta) , fc'^T ^ h 17 ^ ^ (Pichia cactophila) , 
If^T tf:!^:/^/^ (Pichia segobiensis). t'^T • b W-Na:7^^ (Pichia 

trehalophila) 'BlX^-^ n K h/U-^ • ^J^— i?" (Rhodotorula minuta) 

:Brfr :/ W 5/ y y -^-^ ir • T J-^ — ^ (Brettanomyces anomala) NBRC 

0627, ^ . :7T-=r~^ (Candida f amata) ATCC 10539s ^"T^-f • 

i^/Hr^ (Candida krusei) NBRC 1664, ^^^^"f ^ ' ^ JV^-^ (Candida krusei) 
JCM2284. ^^ly^ -^^ ' ■!/ fV'^^ (Candida krusei) JCM 2341. ^^^^"f ' 
-^IV h —"^ (Candida maltosa) NBRC 1977, l^^f ^ ¥ • 7 / ^ (Candida 
zeylanoides) CBS 6408, >'=3rT • ^ 7 — ^ ^ 7 — 

(Issatchenkia scutulata var. scutulata) JCM 1828, n 5/'7^n-v-<-t:^ • 3i 
P :^i/;^xjs°7^ (Lodderomyces elongisporus) NBRC 1676, fc°^T ^T^^-^'^d' 
(Pichia angusta)NBRC 1024, k'^T • T^^^:^ ^ (Pichia angusta)NBRC 1071 
=3f^T • ^^iJ^ VZ7 ^=7 (Pichia cactophila) JCM 1830, \f^T • -fe =f 

(Pichia segobiensis) JCM 10740, - Y V'/'^n y "7 (Pichiatxehalophila) 

JCM 3651 'BlO'^ o Kh/V7 • $55 — (Rhodotorula minuta) NBRC 0879, T/l' 
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7.xi/^^ 9 br— (Arthrobacter sp. ) DSM 20407^ T A^T.^ ^ 1^ 

/W7 W> (Arthrobacter sulfureus) (:/ W tV^^ "T U !> A • A 
(Brevibacterium sulfureum) ) JCM 1338. 7" tV^ iJ' 7" U I? A • ^ A 
(Brevibacterium butanicum) ATCC 21196. 1/ tV^ 7" ^ ^^3^ • l-'lJ^ A 

(Brevibacterium sulfureum) JCM 1485. h/^^T^y iJ^A- 77^^.77- 

zsLl^y^ (Curtobacterium f laccumf aciens) ATCC 12813. ^-^^ "r^) ' ^ 

J ))'T-<^J^ (Microbacterium keratanolyticum) NBRC 13309. ^^'O./^-i^ 
"tV^J^ • iJ-^/V^^i (Microbacterium saperdae) JCM 1352. ^iJ^n/^^T^U ^ 
A . ^P^H'— (Microbacterium sp. ) NBRC 15615. h V J>> ' T>';^13' 

(Ochrobactrum anthropi) ATCC 49237. h 9 J>> ' — 

(Ochrobactrum sp . ) (v^^— K^•:^:^ * V (Pseudomonas ovalis) )NBRC 
12952. h "7 A • t° — (Ochrobactrum sp. ) (-^^x^ K^"t"^ • 

y<V (Pseudomonas ovalis)) NBRC 12953. y<7=^-y:^^ ' "f^ hV '^-C^^^^ 
(Paracoccus denitrif icans)NBRC 12442. !) If iJ' A • ^ v?:^^^ — (Rhizobium 
radiobacter) I AM 12048. !) ^ A • v^:^^"^ ^ ^ (Rhizobium radiobacter) 
lAM 13129. n Kn-/;*?;^ • 3::;^ If— (Rhodococcus sp. ) ATCC 15960 y6W^U< 

^d>0. O 1 — 9 0%w/v. U<(iO. 1 — 3 0%w/v^D^ffl-efflV^?. 
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i~5 0%w/v^^. ^g^^b< fii~2 o%w/v J;5tc^*pu. 

ftNAD^ts U< fiNADH^^^Jni-S<7);0S$f^U< . WW^(Dm^t UTtts ii 
^0. 0 O 1 mM~ 1 O OmM. b< «0. 0 1 ~ 1 O mM^Aqi--5o 

±^mm^m\l't^-^'^i^i-^s NADPH (NADH) ;5^e>f^^-rSNAD 
P* (NADO ^NADPH (NADH) ^Sfe^iirS ^ ^S^0^^f^_h(7)fc 
i?)0*L<. W^;^&iUTfi. 1) ?t^^^J^gft:©NADP* (NAD*) M 
5n|gSr^lJffl-rS:5^?Sfe. 2) NADP* (NAD*) ;{i^5>NADPH (NADH) ^ 

m (y V^f^fl^i-TK^^^J^cfcif) ?fet*<DNADPH (NADH) (Dff^lC^JfflpT^ 

j^^^m (ff^^^) =lrs;?;^i^(cmjp-t-s:^!fe. 3) 5^«^^^^^^as-rsic^ 

fc?). NADPH (NADH) COSiii-flJffi Rrtg^^i^^-efo S_LIBS^£^S^CD 
-hlBl) <^):fe•&^^:*3V^-C{*. ^J^mi-i5^/i^=^— ^^^^ / — ^'K ^ 
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ptc. _blB3) (D:^m^m^Xi-i. ;«7/U-#:=^/^il7n^*^=i— Kf-SDNA^ 

xi^fcm^m^^Mmm^'r^:^i^^m^^^^t:^^x^^AK MDNA^^tt^* 
h'^mx^^^ 

mm^'^fc.mwm^i^mm. i^ms^^mm. mms^^mm. ^t^/xf*. mmm 

* ft. ;2jc^§g(DM3it::^^fef*. Kft^mKRXJ^y U^y^ (Brettanomyces) 
^^^^f^^ (Candida) JR, zh/t-T^T (Hortaea) -Tih^^VdrT 
(Issatchenkia) D 5/7^0 -^r-f-fe;^ (I^odderomyces) tf^T (Pichia) 
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a F h^'V'^ (Rhodotorula) JR. T/^X P/^rJ' ^ — (Arthrobacter)JRx :/Hf 
^ y 1^ A (BrevibacteriiJm) t^' /V' h -7^ y A (Crutobacterium) 

(Geobacillus) Mx ^ ^ o^^^T^ y A (Microbacterium)MN C3/-< 
^ h V (Ochrobactrum) JS . /"^ ^ 'jx ;^ (Paracoccus) M x y iJ? A 

(Rhi zobium) JR x n K =t ;^ (Rhodococcus) JR«D /V':?i?^/^5S7n^SSI'l4^^"t~ 

i^'n t3 7}x/VA, n--^=3r1?-i/x v^;^ ^/l 7x^wi^dr K^x ^R^&SRf^^^^i^SffiV^ 
5f^^0J<^:5^ife{:ix 3i^4~6 0'Cx 0*U< o~4 5r(DRf5:iy.^T% ii 

^pH3--llx iJf*U< lipH5~8-e^T^tbSo Sf^^rs^fijltTx 1~7 2 
/i.:i^W^^^(^;r^^j^{;:J:Siti&{±j. Ai5^ h:^^^7^-x ^W^^ 

5^l^§go^3£;^&^^:*5V^Tx TIB— IS:^ (5) 

T-^$;}x5^^Stt3-^f^/^;&/^^>'^f*x -hlB— (1) T'^^tt^Tfe^ 
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^i<oi^&T-em^^i- ;5 r i til i t) mm ^fi^o 

/um. n — ^y^^intvK -ry^^'^/i^^. -ryT^:/^^. -y^u^ 

X-h V .^(D^^m^l^^'^ 8 O % e e U < fi 9 O % e e U±Xi:} . 

IC^J*U< fi9 5%e ee^_b-t?$>«9. #{;i0^b< f i 9 9 % e efiJ^iX-fe^o 
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^ y:/a^/i^tf y'ai^/i^, v?^>'v?/V' Y?v=sL:y^ TK^-fb h y :7 3i=^/K v'y 

T$ ra^^ : m^. mn.^(o^Wum.w^m. t°y ^^^^^ 2, e -/i-f^v^^-. h 
^/v^v^-f y y 7 ^^'/P'^e? ^ y t^wv. v y p« y 5^ y ^/k 

{^i^J^KKl-^ L-T 1 ~ 2 0 m^mA. $f * U < {:± 1 ~ 5 f&^|l»T'fe ^„ 

mby ; i^m-^h y 'J^A. mwn^^^-t? ^-^^(o^mM ^^r 
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-<i/i^/WT 5: V. 1, S-v^TiFt'i^iJ'a [5. 4. 0 ] - 7 - f> >^-7^-fe 
1, 4-v'T1f'lfv'i5^ n [2. 2. 2 ] ^ ^-^O^^^i^^ ; Tk^-fb-?" h y 'J' 

.m^^^^MM(0&i^^ il^SKtcMUT O. O 1 ~ 5 0 w t %-CfeS;d^ 

<. ^f*U<{±3 0—1 5 0°C-efc'9. JElc:^^L.< 1^3 0 — 11 ©"CTfcSo 
2^^5^<Z)7fe^^ttl -;^^/^T/i'=^/^-^t3>'^f*. TIE— (2) 

OH (2) 

(3) 

X (3). 
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(9) 

-^^m^th^^m^mMtRm^'^xmibti^Tm—^^ (4) 

r3 (4) 

Jiia— (2). (3) RXf- (4) i,^^i1r^RU-X:^mmm'PmmVf^m^X' 

-So 

_tf2— (4) :RtJ? (9) {;l*5^^-c. R2S.t;^R^J«tL^tta^bT. 
r-C% R2^R^{i— #:i:^^oT. 5- ( 1 ^/'WT/^^^f./l-) -2, 2-i^p<^ 

_h|B— (3) l^*5V^-C. Xfip« ->/^;^-=¥iySx hi^/l'^=^v'S. ^ho-^ 

_h|B— (1) ~ (5) iC*5V^-C. *fi^^^m^:^Us ^(D^^^ffi^fiil 
S 8 0 % e e J^_b. b < 9 O % e e.4^;LJ:. U < 9 5 % e e . # 
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u < 9 9 % e e jit^fc^So mi^i^mm'i'Ri^:Bua- s <$:<Dv^-rtb-e^ 

J:<> 0^U< t^Jita— (2) j^Xf^ (3) t^*3VNt:S^T*fe?). -hIB— 
(l)x (4) RX^ (5) ^c4oV^-CR{2^T'fc'5o 

6rtds$f^bvv Mtii*jf*U< f:ix #3t<^¥J^jfeJii)K:^<5^ f ^^t-^UTtsJ^/i- 
i>>^ ^jv^jvj^r ^ K. N-^ ^^-/vt'n y. K^^<DT 5: K^^^ ; T-fe- h= b y 

42 



wo 2005/075651 PCT/JP2005/002093 

\'tW-Mmmz.n U-C 2 ~ 5 0 f^(*:|Sa> 0* b < 3 ~ l O f&^^*X'fe 

fi. h y ^^/vT 5 y v^^-^c^^ams ; TKm^b^ h y >^'^^ ^m;^ y 
^ji^i&^fiii^- 2 0-10 o*CT*fe t) . #A-t-si5iil«:5fa?/'X{iSfS^# 

(±0~4 OtitrfcSo 
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=3fiX K. IJ^A^ h^i^ h\:tf V ^J^t -zfh^i^ V^(D^mT/u=i^-> K ; 

So 
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•9. M{^:0*U<f*5 0—8 CC-efeSo 
±IBSJS-e# ( 4 ) -Tr^ ^;Jx^7fe^Simb-a-^fi> _hlB— ^^S; ( 1 ) 

^b^y ^m;^?y 1. s-i^Tift^v-iJ^i^ [5- 4. 0] 

L< fixufi^jid^flfitc-^ffi-c^ ^:^mit-r hv^j>>. TKm^fbji; y m. 
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{*ig3iSfXKtC^ 1 ~ 2 0 U < 2 ~ 8 
0*b<d:9 5%e e #(e:^^U< J* 9 9%e elJl_h-t:$>S„ 
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O^B%(?5^j^t>^Ir/£7'n tVV3^— -^=^i^^^> ^y^^S'V. -^V-^^-. b/W 

b < 1 ~ 1 0 f&#:^*-e*> ^ o 

:2|s:B?g03t^S14l -P«^/^T/V=3r/^-^i3:/®^fi, TIB— (1) 



n-^PtVuS. n-y^/V-S. n s^^-^/K -ry:7'PtVvS. y ^^^/I'S 

T'*> D 8 0 % e e }^±.Mt. U < 9 O % e e gi±T-fc "9 . 

lvl$f*U<{*9 5%e ei^Jl±. U< ?i 9 9%e efi^Jt-efe5„ 




(1) 
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(1) 2-^1^^ yi^ib^h is) ~2-^i^^ y—/v^±^-r^^^!^. :si.x^. 2- 
h^^p^ (D i f c 5 g/L. ^'])^zfh:^ (s^mm^) 

5 g/L, ^^^=¥^ (D i f c G^m) 3 g/L. iJ'V^s— (0^cftp^;tJD 
XttM) 2 0 g/LOmj5fed^^?^^S^f*:i#Jfe2. 5 mL ^ 1 (C^ bfc#S 

(Omn^Wm 3 0 °CX- 2 4 b 7 2 B#PBW^6^t-*t* UfCo # b tbfc^i^^ 

y^Wkt^W^ (pH7. 0) trO- 0 4mL. I^^^tK^O. 0 2 8mL*Px.. 0 

#:^+5>(c:^?l$ii:fc<^-^tcl, iZ/vn— ;^ 1 0 O g/L^ O . 0 5mL. NAD 
PM^tV^a^^-^/^^e^tM) 12g/L^0. 02inL^;!jPb. 

i: bT2-^>'^J^/:xxJi2 — :/^>r y^^ox'^/— o o g/L^^^ 
^j^v^T^<^R^&t^^i^M^^/^^-ettmu> ^fe^ufc (s) -2--^^^5'y— /V 

^?S=lr;{f>«^iJ^ci-^ h^^:7^— (GC) ^fflV^TS!l^bfCo GC<7)^#}*JJiT<^ 

;!f77i^:i3-DEX120 (S U P E L C OthM^ 3 OmX 0. 2 5 mm I 
0. 25Mm film) 
dr^yrtHe 1. 5ml/min, split 1/50 
J^^AM^: (S) -2--<^^/— /K^S*H#fi5 0°C. (S) -2--^=arihy — 

SEAta^ : 2 5 
;^ai : F I D 2 5 O'C 
. GC : 4 A 
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*1 

2-^>-^y (S) -2— ^i/^J^y — yV5r^^i~5^-& 



















(gA) 


(% e. e. ) 




Brettanomyces bruxellensis 


NBRC 


0629 


1. 07 


100 


s 


Brettanomyces bruxellensis 


NBRC 


0797 


1. 18 


100 


s 


Candida tropicalis 


NBRC 


O006 


1- 17 


100 


s 


Candida zeylanoides 


CBS 


6408 


1. 36 


100 


s 


Candida zeylanoides 


JCM 


1627 


1.45 


100 


s 


Hortaea werneckii 


NBRC 


4875 


1. 34 


100 


s 


Lodderomyces elongisporus 


NBRC 


1676 


1. 25 


100 


s 


Pichia segobiensis 


JCM 


1O740 


1. 16 


100 


s 


Pichia spartinae 


- JCM 


10741 


1.48 


100 


s 



0^ ~~~ ^mamm. ±m.myt^mm 









(g/L) 


(% e.e.) 


Axthrobacter globiformis 


NBRC 


12137 


1. 


36 


99. 1 


s 


Arthrobacter oxydans 


DSM 


20120 


1. 


25 


100 


s 


Arthrobacter polychromogenes 


DSM 


342 


2. 


36 


100 


s 


Curtobacterium flaccvunfaciens 


ATCC 


12813 


1. 


94 


99. 7 


s 


Geobacillus stearothermophilus 


NBRC 


12550 


1. 


54 


100 


s 


Geobacillus stearothermophilus 


lAM 


11002 


1. 


39 


100 


s 
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Geobacillus stearothermophilus lAM 11004 1.48 100 s 

Geobacillus stearothermophilus lAM 12043 1.06 100 s 

Microbacterium testaceum JCM 1353 1. 2 100 s 

Ochrobactrum anthropi ATCC 49237 1. 47 100 s 
Ochrobactrum sp . 

(Pseudomonas ovalis) NBRC 12950 1.02 100 s 
Ochrobactrum sp . 

(Pseudomonas ovalis) NBRC 12952 1.49 100 s 
Ochrobactrum sp . 

(Pseudomonas ovalis) NBRC 12953 1.57 100 s 

Rhizobium radiobacter lAM 12048 i. 1 100 s 
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2 









• 


















(g/L) 


(% e.e.) 




Brettanomyces anoinalus 


NBRC 0627 


1.23 


100 


s 


Candida famata 


ATCC 10539 


1.20 


93.0 


s 


Candida krusei 


JCM 2284 


0, 68 


100 


s 


Candida krusei 


JCM 2341 


0. 88 


100 


s 


Candida krusei 


NBRC 1664 


1.10 


100 


s 


Candida maltosa 


NBRC 1977 


1.48 


100 


s 


Candida zeylanoides 


CBS 6408 


1.51 


100 


s 


Issatchenkia scutulata var. scutulata 


JCM 1828 


1.07 


91.8 


s 


Lodderomyces elongisporus 


NBRC 1676 


1.58 


100 


s 


Pichia angusta 


NBRC 1024 


1.16 


100 


s 


Pichia angusta 


NBRC 1071 


0. 94 


100 


s 


Pichia cactophila 


JCM 1830 


1. 30 


93.9 


s 


Pichia segobiensis 


JCM 10740 


1.48 


100 


s 


Pichia trehalophila 


JCM 3651 


1. 16 


100 


s 


Rhodotorula minuta 


NBRC 0879 


0. 92 


100 


s 



2-^^-^ji>^ii^^ (s) - 2 ----^1^v — /vtr^^-rs; 



(g/L) (% e. e. ) 

Arthrobacter sp. DSM 20407 1.04 100 s 

Arthrobacter sulfureus 

JOd 1338 1.26 100 s 

(Brevibacterium sulfureum) 
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Brevibacterium butanicum 
Brevibacterium sulfur eum 
Curtobacterium flaccumfaciens 
Microbacterium keratanolyticuio 
Microbacterium saperdae 
Microbacterium sp. 
Ochrobactimn anthropi 
Ochrobactruin sp . (Pseudomonas oval is) 
Ochrobactruin sp . (Pseudomonas- ova lis) 
Paracoccus denitrif leans 
Rhizobium radiobacter 
Rhizobium radiobacter " 
Rhodococcus sp. 

(Corynebacterium hydrocarboclastum) 



ATCC 21196 

JCM 1485 
ATCC 12813 
NBRC 13309 

JCM 1352 
NBRC 16615 
ATCC 49237 
NBRC 12952 
NBRC 12953 
NBRC 12442 
lAM 12048 
JAM 13129 



1.12 
0.5 
1.29 
1. 16 
1.25 
0. 68 

0. 91 
1.58 

1. 73 
1.91 
0.91 
0. 79 



100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
99,3 



s 
s 
s 
s 
s 
s 
s 
s 



ATCC 15960 



1.22 



100 



(2) ^"^^^ly^T • — ^ J CMl S 2 SW 

-f^i^^cn^-^T • — ^ — ^ (Issatchankia 

scutulata var. scutulata) J CM 1 8 2 8 2 L(50J#ife (^/l^^^:^ 8 

0 g. mm^^:^ (D i f c oit^) 2 o g. ^>^h:y mMmmm) 4 o 
L) x-mmi^. ^'L-^mi^^^mi^^mmvfco ntb^itumi^i 5 0 g^i o 

mMVly^tfV (pH7). 0. ImM DTT (J^TwtL^¥(- T^^^ 

:y7T^j t^-^^) -eMi^b.. ^-r y — $/i-KDL (->^^-v/i^aii/^~:7'^-r 

wOM,^J|^ttttS?St-9 0 g/LCD^i.^(C?te^ i 9 PEG6 0 0 0^^;apb4°Cl? 

im^mm^sm^L-^mi^x^ttm^^^^.vfca :i(D±mx^. deae sep 
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harose Fast Flow (Amersham Biosciences ^fcM) ^ffiV^^ci^ 
-i:irl^^^^ V^V^ Butyl Sepharose 4 Fas 

t F 1 o w (Amersham Biosciences^) ^fflVNfci^7m^i3Lf^ffiiJ^ n-x- b 
^•7 7^— . Mo noQ (Amersham Biosciences %h$^) SrffiV^fc:i^^ 
■^X2^h ^"yy 4 — > IlO^ Superdex 200 (Amersham Biosciences 

*t3^<?5^. ;57/W7}?:^/Hl7C^^<Z)^ttttx mmWL-^'^tim.^^m. ( l O O mM T 
ris-HCl pH7. 5. O. 3 2 mM NADPH. 2 mM 
,y_3_>^V3p-2->^ci/^y ^3 T'Ce^jS^^^ts NADPHO^'i^*^ 3 4 

E C T R Am ax 190 (Molecular Devices |±M) ^-ftffi 
LfCo i^. JlIE^i^?^;l*5V^Tl:^F^^-l nmo 1 ON AD P H^^i^f ^S^tt^ 
1 U ^ bfCo 

^1h^3^:/:3E^T • — i^^a^^iJ'^^^^ — J CMl 8 2 8^fe5fe 



^3 





mm. 




mm im 








(U) 


(mg) 


(U/mg) 




(%) 




1360 


16800 


0.0810 


1 


100.0 


PEG6000±^ 


693 


4680 


0.148 


1.83 


51.0 


DEAE Sepharose FF 


857 


266.0 


3.22 


39.8 


63.0 


Butyl Seidiarose 4 FF 


488 


10.6 


46.0 


569 


35.9 


UonoQ 


592 


3. 11 


190 


2351 


43.5 


Superdex200 


348 


1.038 


335 


4141 


25.6 



IMM 3 (DmW:^f^(0 Superdex20 OfS^m-S^^^ y U /VT 5 K 

^/vmu^m (sDs-PAGE) Kx^mmi^f^^^^^ mm^^tc^>'y<^mn 

K-efc!9 > ^(D^^AtiB^ O, 0 O OD a -CfeofCo 
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(3) I s ADHl<DSM#Mtt 

^^ij^J^M il 0 0 mM Tris-HCl pH7. 5, O. 3 2 mM NA 
DPH. 2mM mm Sr^iSU 3 T'CT'S^S^-frfCo S^&^4'ONADPH 
<^f^^** 3 4 0 nm<D®^3t^{j: J; «? ^=^5^-i-§ r t fc^ «9 ^tl^-ettt^-fb-a-i^ 
t;i>t-r^;«?/^^'^/^^5n^*?St?t^§y^UfCo ®^3fe^<^^^tCJiS PECTRA 
max 190 (Molecular Devices ^^tM) Vtc^ 1 - 
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^4 

1- T-feh^^'— 3— ^lan— 2-7'ci>'V>' 100 

n o- 3 -:^ygg^3c^^^ 212 

3-:3}^ygg^^/V 2 5. 5 

T-feh-r>' - 

v'T-fe^/v - 

2, 3 — <>':^vo*">' trace 

t°/Hf trace 

3 5^/1^- 2 -:t=3r yH^J^'^vV trace 

T-th:/^^:/ — 

Zfnlf:^^^^^^ trace 

3-Zft^l^:t:=^7l^i:'Vi^:^ 1 1. 2 

2, 2, 2-by7^V;a-aT-feh73i>'i^ 5 3. 8 

:7;cc^;VfcVvt'>^ 12. 2 

-^^'y-YyPglS^^/l' trace 

=^zi'f-/^j\.m^'^^l' 2 0. 7 

p - fc Kn ^v'-O'Xr/Px t K - 

p — ^ a a^>'Xr>'i^t: K 5 8.0 

2- yywjJvv^yi^ — 

a-dj-JC^^yi^/V trace 



trace ;1giSM>?) 



(4) I s ADH 1 <DT5: y^ia^uo^j?^ 

HUlB ( 2 ) -e#^>tl.:rcJt|B* 3 (^f»^SPg<^ Superdex200 

HPLC (T-^iz-Y^ ^^-f ;^i^-r^^^^^tM /z R P C C2/C18 PC 
3. 2/3) ^^V\ -<y^h'^l^m\^. .^J^LVtlo :9-^Ufc-<7°^Kt:''-:^' 1 
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(5) I sADH1^3 — K-r ?>DN A<Dia^j^WS:U??^Sfe^#:cr>#^ 
^'^'^3^>'^T ' :^^^'^^7^'$'^M^^^'^^'7^'$' (Issatchankia scutulata 
var. scutulata) J CM 1 8 2 8 :^%t&|B (2) {z::^ U^fc^^TJt^ Mi^^ 

ADNA^DNe asy tissue kit (Qiage 

uperScript II Reverse Transcriptase 

mrte (4) ■T?#bttf:i@B^ij#-^4c^N7fe^ST$ yMia^|J^7c^c■t>';^7^^;?^;t- 
w^ (degenerate) 4 ^—J^XJ^m^m-^ 5 (Di^^T' ^ J WWM 
^7ctCT>'^-fe>'^(7)7^v?a:^ W ^ (degenerate) T^^^"^— ^fi" 

(Issatchankia scutulata var. scutulata) J CM 1 8 2 8 ft CD c E> N AlC>5j L- 
T7*t?n^:t> W f (degenerate) P C R<^^o:/t t r 5^ ^3 5 0b 

^(ounAmn^. T:ffu—:^^/vm^^Wi^^\^. *ij3 5 o b p (om)^(D^^ 

^^K^^tJttSUMi nE 1 u t e Gel Extraction Kit(Q 
i a g en^hM) t;iT*SM b-ClHmx bfCo ^^.tbytDNA^fit^. pOEM-Te 
asy Vector (P r o m e g a tfcM) iil 7 a ^ U :;'^li®DH 
5 aft (m^^^tM) ^mn.mWkX.tL^ mnrnWiM^.. r^-t-v-y (10 0m 
g/mL) ^'^^fLB*^:^fib-t?^W$ii:^ V^ < o>5^(D=i n :Sr^ VnT. T7 
-fyA-^-- (Promega^tM) i! S P 6 :7°^ (Prome g a ^fcM) 
^ffiV^fc=it3n-i$^^ l/^ hPCR^tTV>. #A^>|-©1?--r X^lt^. UfCo 
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i:i-?)DNA^>t*S^A$tV-CV^§i!%;tf^tl/S=ici=^^x 1 0 0 Ai g/mL 
T^/fi/y :/^^t?LBJ0:N&t?:^*b.Q I AP r e p Spin Mini P 
rep kitCQiage n^tM) i^^^^y:^^ K^ffiMbfc, 

^fctC, i^^3l:^^T • (Issatchankla 
scutulata var. scutulata) J CMl 8 2 8*5^©^/ ADNA^TcJei. Mo 1 e 
cular clonin g fBife<??^1*{-t^§oTR AC E^J^^^O c DNA^^ 

^U. l^:^gfetS«6<D^&-e5'-:S.t/3'-RACE^j^;^^TofCo ^^s:ictt_his^ 

^m^i^TcKnn vtcmn^-^ 9 *5 j: t;? i o ic^-r 2 m(DiAB^w^^^9^ 
mm-^ 1 ufco m^m-^ kdt^^ mm^\^=^ - f-t sitsaa^?!] ^ia^ij#-^ 

fifeU, Jii|B:r^-f =lr*&5 0 pmo K dNTP^l 0 0 O nmo 1 . ^-^^ 
. yi.-^ =f-3.y — ^^^:^^ "f-^V^"^ (Issatchaukia scutulata var. 
scutulata) J CM 1 8 2 8 t5^<D c DNA 2 50ng. ExTaq DNAp 
olymeraseffll O xmmm lOjuL. ExTaq 

DNA polymerase 5 y (i?' 7/^^ :^%tM) ^-^tf 1 0 O 
pih(DRmm^m\^\ (9 5°C. 1^). T^-/^- (5 St:. 1^^). #« (7 

2'C> 1:$^) ^3 OiJ-^^/K PTC-2 00 (M J Researc h.^±M) ^ 
PCRS/Sli^o— §i5SrT;ifn-;^y/^fl;^^Sb{-<t O^^ffUi/h^ 

±|B^J5&?^^M inElute PCR. Purification kit 
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(Q i a g e ntm) i^XnmV±o i^i^U^DN A^it^^^JRS^^E c o R I 

OtUb>QiagenGe.l Extraction kit (Qi age 
n^±m) KX^mm^mf^X^fc^ #f>^^fcDNA^gf>^-^. EcoRI. RXJ^Xh 
a I T-m^bUfc pUC118i:Ligation high iMW^m^^^) ^ 

ff^Wfe^^^Ti/t-v-y ^ (5 0Mg/mL) ^-g-tfLB3»3^^:Nfi±T*^W$ 

g6<Jti-^DNA»fit;a^^fA^tbTV^:5i:#^f>tL6?f^®te^^*:^5 O g/' 
mLOTVt'v'y >'^'^tf LB:^ift-e^*U. Q I AP repSpin JVEin 

1 Prep kit (Q i a g e n^) ^ffiV^T7'7;^^ K^Jffti^U. pU 
CIS ADH 1 t UfCo 

(6) I s ADH 1 ^=3— K-r5DNAl;iJ:oT5^®fe^Ufc::^Jj&i®%^v^fc 
(s) -2-^>i5?y — /u-o-a-^ 

BUlB (5) -C#t,tbfc?^®i^m#:^T^t:'t/y (50/ig/mL) ^"^tfC 
ircle G r o w^^l 0 OmL (B I O 1 0 l%t#) ^ 1 0]®-^ 3 CC 

_hlB®#:i 0 gtClO. 6 g/L NADP*(:tV^:y^/\^m-&^M) 2 Orag, 
IM f y :^±^^>'^5':7r^ (pH7. O) l OmL, lOOg/L >//l^=i— :^ 
4 0mL. >?.x"t: Kn^-^— (^^MMtt^s 7 6un i t/mg) 

2 0mg. 2-0^/>' (m^-fk^^hM^ 1 g ^^AP^ 3 0°Ct? 8 
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G c (D^m^UT<Dm *3 -efe 6„ 

;&^A:^-DEX120 (SUPELCOth^. 3 OmXO. 2 5 mm I D. 
0.25Mmfilm) 
^^VT'.ne 1. 5ml/min> split 1/50 

:ti'7J^UM : 5 

aAta^ : 2 5 0 "C 

;^{±i : F I D 2 5 0*C 
GC : A#GC-1 4A 

CKD^:^. (S) -2.-^1^'^ y —J\^(Di^m^O . 9 9 gTfe9. ^^^^(i>9 
9. 0%e. e. t?fco:/to 

(7) I s ADH 1 K-r-5DNAiii j:o-cff^M^^Lfc:;^M0%ffiv^fcl 

(s) -2-^^f-/— /K^-a-^o 

JblB^^l 0 g 1^10. 6 g/L NADP + (;ty ^^/iS'/I^^S^tM) 2 Omg. 
IM hi) :^^m/^?^>^T— (pH7. 0) lOmL. lOOg/L ^/W=i— 
4 0mL. i/;v=i-;^-7^fc Ka^i — (^S-^MI%h^. 7 6 u n i t /m g ) 

20ing. 2---:3eif/ V (:i:^^bA^lt^. ^-h) 1 g^^^a^s o°c-e6BtPsT 
KfS^^fco ^fS^<^pH^2M h y !>AT'7. oidi^ofco s:^£;^T 
mo^SJE&^^g^^^^^'^'^Affl L'^ ^^l-:^- (S) -2— =¥•^^y-/^<^^a^^TC5 

G C <7>^#fi£;T<^ii «3 -e^5o 
;!&^A:/3-DEX120 (SUPE L COtt!^> 3 OmX 0. 2 5 mm I 

0. 25Mm film) 
^^yT:He 1. Sml/min^. split 1/50 
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^AS.^ : 2 5 O'C 
i^iH : F I D 2 5 0 
GC : 4 A 

(s) -2-^dE^1^y— /KDJix»«o. 9 9 g-efct). 7te^^^«> 9 

9. 0%e. e. -e$>ofCo 

(8) I s ADHl K-r<5DNAlc: j;oX?i^lC^^Ufc:^j^®^fflVN/c: 
(s) -2--<:xt?'/-/K7)'a'^ (yf^^—zi-Tiy:^) 

SulB (6) -e#b;^fc?^«^m#:%fflv^TIB^c:^i-:^^£^cJ:^9. 2— o-iJ'y 
^MMtvx (s) -2— <^^i5'y— /vo-a-^^^Tofco 

_his®#:i 4 o g (mmmi^&At-vxm4 2 gjzi+B^) t>NADP+ 

>-^7W^«|tM) 8 4mg. IM hV :^mm^'^y:^7— (pH? . 0) 14 0mi 
L. iZ/V-ri— 1 1 8 g^ i//^=i— Ko/^'-t— i^m-WM^^. 7 6 
unit Xm g) 40mg. 2-^>'^y>' (m^>fk^tti^. 2 8 g ^ 

mit7K^*nx.;K^&^»^ 1 . 4 L i: U 3 Ort? 1 6 ^Fb^DS: $ -^rCo K 

g^a^^/V^^ttJU. ^^bfc (S) -2--<>'^ /—Jl^(D^m^notz.t:L^ (S) - 
2w<>'^^7— 7V(DJ(X4{:±1 7. 2 g"T?fe«9, ^^j^^f:i> 9 9. 0%e. e. "C 

(9) I s ADHl ^=1— Kt" -SDN A{Cj;or?^K^^U/ci;^:J^®^ffil/^/c 
(S) -2— ^=ari^7-/K^)'a'^ (^^—^l^T l/Zf) 

mm (6) -r^tbtifcJl^^^m^^^ffiVNTIEtzi^-t-l^&leiJzt). 2— 

±15^^5 0 g mmmi^mMtvxmi 5 sic^m) ^nadp+ i^v=^z^ 

^/umm^tm) SOmg. 1M hV y^mm^^ry^r— (pH7. O) SOmL. 
^;U=i — P. 5 4 g. ^Vl'ra— Kn^J?^'-^— fe" (^^^^ItMs 7 6 u n i 
t/mg) 2 Omg. 2-^:¥f-/:x(:i:^>fb^tl:M. h) 1 5 g^»^^ 
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^/v-Jfemu. ^^Ufc (S) -2-^=arif y-/^<7)^»^tfofc^m. (S) -2- 
--=¥1^/— /K7)lDl»?il 5. 1 gT**>t). 5fc^MS«>9 9. 0%e. e. "Cfe 

(Hjit^n) (S) -2-^iJ':/:5^;l-/3^cr/p;^drv^^>^iS'V(D'^^ 
200ml(^30p:7^;^=i{3:, (S) — 2 — O-iJ^y — >'^4. 14g (4 7. 

0. mmol, 9 9. l%ee) MJ ^^/UT ^ >' 9 . 8ml (71mmol)v 

n y K4. 3 6ml (5 6. 4mmo 1 ) ^^^Tbfc„ ^<D^3 Or»-^#Ufc^. 
ISfP*t'fLr^^:=^!>A7jC^^4 0ml ^ 7k 2 0ml ^^Ml^X^ft^^W^^-^tCo 

^2 0 m 1 t^m^m:^ 2 0ml T^Sfcif-. ieS^-^^^ AT^^^^-frfdo ^ 
^^^*U. & (S) -2-^ i5'>';^/V/l^^/l-:r^~>'-^>'i5'>'8. 5 g^#, 35 

^H-NMR (400MHz, CDCI3) 6 0. 9 5 (t, J = 7. 2Hz, 3 
H), 1. 42 (d. J = 6. 3Hz, 3H), 1. 34-1. 50 (m, 2 H) , 

1. 5 0 — 1. 6 3 (m, IH), 1. 6 7—1. 7 7 (m, IH), 3. 00 (s, 
3H), 4. 7 7-4. 8 6 (m, IH). 

(mMM2) (R) - ( 1 - 7« ^/^7'^7W) n >'^e^3^^/V(D'a'fife 
MMmix-^htbtcm. is) -2-^d'^^y^;l^-^—/\'^^i^^^^-^l^S, 5g 
^-rni^^v^rc^/H 4. 2g (8 8mmo 1 ). DMF 2 2m 1 Sr2 O Om 1 

tt) 3. 5g (8 8mmol) ^WM\^tio 6 0°Cl? 5 ^F^, 8 0'C-e3 
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i^^^^&^-^fc^v mu\cxmam\:.Ti^^:^^-^:^^^4 0inl Oml 

^mumtT AtK^^ 2 0 m K tK 2 0 m K ^fO^:^7K 2 0ml Trgfc 

:J^7:7-f-{CT*iS^b. (R) - (l-^^/l':/^/^) n V^^^^^/W^ 7 . 7 
7 g (M#.7ffiJ|^i^Ws 3 3. 8 mm o 1 . 7 2 %) #fc<, 

^H-NMR (400MHz, CDClg) 6 0. 8 9 (t, J = 6. 9Hz, 3 
H), 0. 98 (d, J = 6. 6Hz, SH), 1. 27 (t, J = 7. IHz, 
6H), 1. 15-1. 46 (m, 4H), 2. 20-2. 31 (m, IH), 3. 
2.2 (d. J = 8. IHz. IH), 4. 19 (q, J = 7. IHz. 4H). 

(^JfeMs) (R) - (1 -^^i^Wl<o^Wl 

M»!l2-e#e)tbfc (R) - (1 -p^^/l-:/'^/!-) -^n>'^>?J^^/1^7. 7 7 
g(3 3. 5mmo 1) i: 2 5%7K^'^b•:^ h y l^ATK^i^l 6. Ig (10 0mm 
o 1 ). oi^y— /U3. 9ml,7Kl5. 4m 1 ^2 0 Om l(D-t-;^M^7;:^=»jc 

m 1 T-«&m ufco 7Ks^sri^^3^^/i^ 5 0 m 1 -el?^aai ^mm^wmrjr y^)^^ 

A-e^MS-^fCo ^t^K^®*^. ^:3r1?-V5 8m 1 i@^^3i^/^5. 8ml;&^b 
^BtUb. (R) - (l-;^^/l-::/^/^) -rn>-^^4. 73g (^-fetS^l^lSB^s 2 
7. Immo K I|5l^8 1%) #:^o ^/l-r^-^'f t^^^s 3te^M^fi9 9. 3% 
e e-efcofc (Supelco, ^— DEX120, inj. 300 "C, FID 
2 5 0°C, Det. 2 5 ox:, O v e n 1 3 0 "C, -l' >'v^^ cJ' a 

^H-NMR (400MHz, CDCI3) 60. 91 (t, J = 6. 8Hz, 3 
H), 1. 06 (d, J = 6. 8Hz, 3H), 1. 2 2-1. 4 0 (m, 2H), 
1. 40-1. 5 8 (m, 2H), 2. 2 5-2. 3 7 (m, IH), 3. 37 (d, 
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(S) — 2-p{ ^>';^/V3i^^7^:^^i^^=3ei^>'(0^fife 
300ml<?53oP^-7;^=itiI. (S) - 2 —/l^ 6 . 3 g (6 2 mm 
ol, 99. 7%ee) J^^/^T 5 1 3 m 1 (9 3 mm o 1 ). g^^^i^ 

/H 2 6 m 1 ^ttiAA^fCo :z.(Dm^m^ym V. -^:?.fV^.:^jV^ cr y K 5 . 

7ml (7 4mmo 1) ^WrX^tz.. ^(D^^3 O^mWi^ti'^. ^fP^-fbT^-^t 
= !j7A7Kii^4 Om 1 i!7K2 0ml ^^.Jn UTSi^^^^f-lt ^-frs7K^*:^^l-:fco 

^mmmtT ^^"^^-^ J>^i^m^ 2 O m l i: ISlP^mTK 2 O m 1 -egfc^x 
^^^jj^^^v-^^i^-e^j^^iirfco ^3^^@*U m (s) -2-p<i5'^;^>'^2j>^7^ 

^H-NMR (40 0MHz, CDCI3) 5 0. 9 2 (t, J = 7. IHz. 3 
H), 1. 2 5-1. 4 5 (m, 4H), 1. 42 (d, J = 6. 3Hz, 3H). 
1. 5 5-1. 6 5 (m, IH), 1. 6 8-1. 7 9 (m, IH), 3. 00 (s, 
3H), 4. 7 5-4. 8 4 (m, IH). 

(HiS-^llS) (R) - n ^-^v^^c^/VcD-a-^ 

%W\ 4 T-# e> tvfca ( S ) - 2 - ^ v'^^i^ V 10.8 

g i^-^ci :x^v?ac^/H 9 . 2 g (12 Ommo I ). DMF 3 2ml^200m 

(^ftm 4. 8 g (1 2 Ommo 1 ) $r^;!)Pbfc:„ -^(D^e O'C-eiNp^lx 8 0^ 
T3^PB^^/S;§-^fc=^. m:U.\z.xm^mY.r^-y=^=^'^ J^i^^W.^ Om l ^tKi o 

m 1 u-cs^s^#ih ^-frfco u-^m^mn.=^^^^ i o o m i -ci* m ^ 

^tr7K3 Om 1 T?2IeI^:tafP:^i^7K3 Om 1 ■C?5fe#^ ^^■^^-t-i^'J^ ^"^^^ 
_ ( 1 n 12. o g iM^^W^'K. 4 9 

mm o K IR^ 8 2 %) #fc:o 
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^H-NMR (400MHz, CDC 1 3) 6 0. 8 9 (t, J = 6. 9Hz, 3 
H). 0. 98 (d. J = 6. 6Hz, 3H), 1. 27 (t. J = 7. IHz, 
6H), 1. 15-1. 45 (m, 6H), 2, 17-2. 29 (m, IH). 3. 
22 (d, J = 8. IHz, IH), 4. 19 (q, J = 7. IHz, 4H). 

(IIWJ6) (R) - (l-p^^/V-O-^/V) ■^t2>-m(D^^ 

mmm 5 x-^htitc (r) - ( 1 '^ju-<^^^/v) n ^-^v^^^^/i^^ 1 1 . 

7 g ( 4 8 mm o 1 ) i 2 5 X-^^^t-T h V ^ -t^TK^I^ 2 3 g ( 1 4 4 mm o 1 ) . 
-^^y_y^5. 9m K 7K2 4m 1 ^1 0 Om 1 <D-^;^M:7^^3{c:tt32:Ay:^o 

:z(Dt^'^m^6 o''CT*2^PBi^^s$-^fc^. mmcxm^^i smi ^mrn^x 
m^i^ m^mi^^M^M^mm^'^ti^. m^^^^^ i 2 o m i xt^m u 
fco 7KM^@^m^^/i'4 om 1 -eii*6tiib. h y i^A-e^^^-ti: 

^iK^^^^s ^^-^Z^S Oml ^ 1 8 m 1 ;5^b^t»fbx (R) 

— (1 — 7^ ^/V^^'f^/I^) ■vi3:/^^Sr6. 5g (S-feS^:'^^^^. 3 5mmol. 

7 2 %) #fc„ 

^H-NMR (4OOMH2. CDCI3) 5 0. 9 0 (t, J = 6. 7Hz, 3 
H), 1. 0 7 (d, J = 6. 8Hz, 3H), 1. 2 1-1. 4 1 (m, 5H), 
1. 4 6-1. 5 6 (m. IH). 2. 2 2-2. 3 3 (m, IH). 3. 39 (d, 
J = 7. 3Hz, IH). 

(mMM7) (R) -3-pi'f-/^^^-^^^^<0'^^ 

mMmsxn^thfc (R) - (1 -^^/^:/^/^) •^n>'m4. 56 g (2 6. 
2mmol) ^5 OrnKD-Ty^my^^^^i^it^^^^ 1 8 0 °C(c:#S. bfCo 

j^i^^mmmmi^. (r) -3-p«5^/^-^^1^v^^2. osg (M^?ftii^t#j®x 

^^,7 7''C/3mmHg. 15. 7mmo 1. I|X^6 0%) #rCo ^'7J^^^<0 
9 9. 2 % e e Xh-otc (Supe 1 co. /3-DEX120, 
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inj. 2 5 ox:, F I 02 5 0*0, Det. 2 5 0*C. Ovenl3 0'C)o 
^H-NMR (40 0MHz, CDCI3) 6 0. 9 0 (t, J = 7. IHz, 3 
H), 0. 96 (d. J = 6. 6.Hz, 3H). 1. 16-1. 44 (m, 4H). 
1. 91-2. 05 (m, IH). 2. 15 (dd, J = 14. 9, 8. IHz, 
IH), 2. 35 (dd, J = 14. 9, 5. 8Hz. IH). 11. 00 (b r 
s, IH). 



mMm6-<:^m^iyf^ (r) - (i-^^^/^-^^^^/^) -^o>-^3. oog d 

5.. 9mmol) ^2 0ml (D'r:^M'7'7 ^='i^i±7h^^ 1 8 O'CiZL^UVtc^ 

m.^^^^i0.f±Mm (R) - 3 -pti^/i^^y-^' ^-^^ 1 . 6 9 g m-^^^^ 

a, 6'C/'4mmHg, 11. 7 mm o 1. lDl# 7 4 %) #fCo 

^H-NMR (400MHz, CDCI3) 60. 89 (t, J = 6. 8Hz, 3 
H). 0. 97 (d, J = 6. 8Hz, 3H), 1. 17-1. 39 (m, 6H), 
1. 8 8-2. 0 3 (m, IH), 2. 14 (dd, J = 14. 9, 8. IHz, 
IH), 2. 35 (dd, J = 14. 9, 5. 9Hz, IH) 11. 36 (brs, 
IH). 

mMm9) (R) -3-;^^/i-^^-i->'m(D^^ ofvi^i^mm) 

mm^mM.T. (R) - (l-?^'^/^Zf=^/l^) ^x^l^mi. OOg (5. Sm 
mo 1 ). v^V2m 1 ^1 5m 1 <D:^ V H^Umm^itil^^^UVtCo 9 0*0 

7!)^hs:jt^^mii^v. 1 3 o'c^-ei 1 5i^7b^nx^t^. m^s o^mmwvtc'^. 
MJc^^sp Lfcc H p Lcxi^m vf^t:!^. m^tmn loo. o 

(^JS^JIO) (R) (DMSO^^) 

mm^m^T. (r) - ( i-7« 5^/^:7^ ^/w) ■^o'^2. oog (11. 5 
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mmoDs DMS0 4m 1 ^ 1 5m 1 <D>^y##^l^l=le:ft5X^#?g.bf::o 1 

fzM. m.^\^^^n ufco H p L c 'Qi^m\^fz. t^L^^ mtm-^ i o o . o %x-h 

(MMm 11) (R) - 3 - ^/^-^=¥1^>'^0'g'^ (t° y v?>'^;(3P) 

mmwm^T. (r) - (i-^^/^:/-?^/!^) -^0-^2. oog (11. sm 

mo 1 t°y i^i^l 8 2mg (2. 3 mm o 1 ) ^1 5m 1 <D:^V H^^m'^iC 
it^^M-UVfCo 1 0 0°C;?i-P>SJtS:dS§3^^b. 1 5 CC^-es 5^:d^ifX^U. 
jEliil 5^FBm#bfc^. ^Ste:?«^*P bfco HP LCe^^bfci: ^{b^ 
Jil 0 O. 0%T*fcofco 

(IIJ£^!ll2) (R) -3-;'i^/^-^^i?-:/^c^'a-^ (DABCO^i&P) 
^^#ia^Tx (R) - ( 1 - p« ^/u:7'^/l^) '^u>^m2. 00 g (11. 5m 
mol). 1, 4-v?Tiflfi>'^n [2. 2. 2] ;^iJ'i5'>' (DABCO) 25 8 
mg (2. 3mmo 1 ) ^ 1 5m 1 D #$^^Wt-tt5^^#?§.bfCo 1 O 0°C 
;&^e>R^£;;65|9$&b. l4 0'C*T*9 5^d^ttT#mx jSlci 5 5^r^m#U:^cm. 
^taici^sp ufco H p L c -e:»-^iT ufc t ^ i^'fWJ-i i o o . 0 fco 

imMm 13) (R) - 3 - ;>« ^/t--^:3r.1^i/®g<^'a'^ (D B U^;!JP) 
mm^m^T. (R) - (l-^^/^:/^/W ■vi3:x^2. OOg (11. 5m 
mo 1). 1, 8-v^Tif Ifi/iS'D [5. 4. 0] - 7 - «J7 i^-T^-fe (DBU) 3 
5 0mg (2. 3mmol) ^ 1 5 m 1 (^;^ y # t^i^W{-tfc52s^#S.UfCo 1 
1 0'C;a^e>K/;£::&spB^u 1 4 or* t? 5 0:9-^MtT#fi. Mlc 2 Or^-r^it^U 

^?e.{c:?&spufco HPLc-e^^bfc^r^. ^'fb^fii oo. o%xh 
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^0#H^T. (R) - ( 1 - ^ ^^/l-y^/l^) n >m 1 . 0 0 g ( 5 . 8 mm 
o 1). t°y v^>'2m 1 ^ 1 5inl (D:^VH^P^^WiZ.iti2<^. ^;!Ki^^2 9 4m 
g (2. 8 8mmol) ^^AfibfCo MT'2^^. 4 O'er- immMI^^. ^ 

^m^m^T. (R) - (1 ■^i3^^g^2. OOg (11. 5m 
mo 1). BMl 1 3mg (1. 1 5mmo 1) ^1 5ml <^;^ U #t f^l^Wi^tt 
j2<^M-UVtCo 1 3 0X:7b^ib^It^tmt^\^. 1 8 CC^Trl 0 0:»-;ei^ttT#ig.. 

{±10 0. 0%-efeofco 



16) (R) - 3 ^j-^-^cT^-^^ (F e 3 O 4 ^;?jn) 

^^#ia^T. (R) - (l-^'^^^y^^^V) •^niyM2. OOg (11. 5m 
mo 1 ). (F e 3 04) 4 Omg (2w t %) ^1 5m 1 <D:^]}H^^m 

Wi-'ti:5Zi^#M.cfco 1 3 ox^t^hRft^i^mihi^. 1 8 o'c^'ei 0 o^t^-f-c 
2 0 i^mmw ufc^. ^s.ic^^^*p ufco h p l c x^^m i^tit:!^^ 
m^tmt 10 0. 0 o fco 

(^m^?!ii7) (R) -3-^^/i-^^-^:^m(o^^ mitm (d ^*b) 
mmw^m%T. (r) - (i-;?«^/^:7^5^/i') -^ni/^2. oog (ii. 5 

mmo 1 ). (I) 82. 8mg (0. 5 8 mm o 1 ). T-fe h^^hV^^Z 

omi^ioomio:7^;5<i= (cttj^^. MWMm^'^tco 6 mmR!^-^. mu. 
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mmW^m^T. (R) - d-T^^/l^y^/V') -^n^^3. 00 g (17. 2m 

mo 1) ^-:h>^M:77:^=i{-tt3i^#?&L'fc„ 1 3 0'Cd^f>Sf&;5S||^b. 18 

o'c^T?? 5:$>d^(tT#?a. Htci 5^r^^#bfcm. mm^'^mi.tLo hpl 

c T':S^«f bfc t^S. fe-fb^ii 10 0. 0 %x-h<^tco 

_b|S UfcHM^Sl 9 J&^t) 1 8 0^^^i^JLT<Z>^ 5 tC^-To 



^5 

















n« 1 Li-=F- 


9 






Pyridine 


2VR 


90~130 


2.4h 


100% 


10 






DMSO 


2VR 


100--140 


1.6h 


100% 


11 


Pyridine 


0. 2MR 






100~150 


1.8h 


100% 


12 


DABCO 


0.2MR 






100~140 


1.6h 


100% 


13 


DBU 


0. 2MR 






100~140 


1.2h 


100% 


14 


AcgO 


0. 5MR 


Pyridine 


2VR 


rt~40 


3h 


100% 


15 


H2SO4 


0. IMR 






130~180 


2h 


100% 


16 


FegOi 


2wt% 






130~180 


2h 


100% 


17 


CugO 


0. 05MR 


CH3CN 


lOVR 


80 


6h 


64% 


18 










130~180 


1.5h 


100% 



2 L<7)-fe/"?^:::^/^"7^^=iie:, (s) -2—^>^y^ji^ loog (1. 1 

3mo K 1 0 0%e e) ^^^'t^W^^'^^^^T^W^ 1 7 g t hV=^^/^T^ 
^^149g (1. 47mol) ^^ti2.^fd^ ^(Dm^^^^CiC^^^V. ^ ^ 
/V;tc^/Vj5? nvjKlSeg (1. 36mol) bfCo ^(D^^ ^UX- 1 W 
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\z.lO Vo-Mi^a^i 2 6 7 g ^mn Ufcm. 5 V})^ AtK^I^T'tKMo 
mB^T^l^. ^ (s) -2-p«^>';^/^^^7W:^=3ev'^^^:/ i9ig 

i^f^^^^. 'fb^M^ 9 3. 5%. 1 . 0 7 m o K 94. 6 %) ^#fCo 

(IIJ£'^i|2 0) (R) - {l-y^^^l^-^^^^M cr ^^v^^^/K^-g-fife 
4 0 0 Om 1 O-fe/^y^^Vl'^^-^^ii^ie 0%7K*'(fc-:^ (Jfitt) 7 1. 

7g (1. 79inol). THF 6 0 5 g ^ttiZ^A/ffo ci ^-^i^^^/l- 2 8 7 g 

(1. 7 9mol) ^ THF 2 8. 4 g ^ 2 5 ~ 4 0 "C-eSfSMJ-?l^T U ^ TH 
F2 8. 4 g-C'^5teV^^£bfCo 6 5-7 0^J31#?am. U (S) -2-p<^>-;^/^ 
;^ri/V';e-^i^-<Vi5^i^2 6 6 g (J^^8 0. 1%. 1. 2 8mol) i!THF2 

8 . 4 g ^mu bfco ^(ommmr e mmz.x7k 6 3 s m i 

UT. a (R) - N-n:/^S?3^^/l'^4 4 3 g 

i^a. ^^5 9. 9%. 1. 1 5m o K 11X^9 0. 5 %) ^#fCo 

(Hjfe^J 2 1) (R) - ( 1 - ^/V^^/V) CI ^^(^-a-^ 
a (R) - ( 1 - ;^ ^/vy^/V) -^n>'^i^a^^/W4 3 9 g (*B^5 9. 9%. 
1. 14mmol) t 2 5%7K^>ft,■:^ h y "^AtK^^S 6 5 0 g (4. 0.4 mo 
1).7K79 7ml^4000ml <D-^^-^^yjV^'7^='i^i±^^fC :L(DM^m 

5-7 or-ee^r^sjs&^it^t^. ?^*puyto ^is^^-ja^tmu 

M4 2 1 g (4. 0 5mol) Sr:7 ^ ;^ ^'^ffcjAA/fc #x ^J&?^<^?iTb:feo M 

^m(D p 1 . 1 -efeofco m^-a-m^Wf^^^^^^^ 7 1 7 g -etttu b^co ^1^® 

^0. 2 6M:^m5 3 2ml T*?^#U. h/U3i:/-eS^UfCo h/^ 

ai:/9 7 4 gd^e>Hl*fb. (R) - (1 -7«^/^:/^.'V') -x'ta^^^Srl 70 g 
-^m'^^ma. 5. 3%. 0. 9 3 Immo 1 . HX^ 8 1. 7%) #fCo 

^/l^:^W(D^M. 9 9. 7 % e .e "Cfc o fc„ 
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(mMm2 2) (R) - 3-^^/^^^1^v^(^)'^fife 

#?y.b. (R) - ( 1 - ^ ^/l^y^^^/l^) -va^^l 4 0 g (7 6 6mmo 1 , 

9 5. 4 %) ^ t' y i;?^^ 1 4 7 g tC^il? ^ -frfc^^^ 5 NFr^l^^Jt T?^T bfCo $ 

f?{ClH#rsm#Ufc^. ^?g.t;i/^4P (R) -3-p«^/^--:3ri?->^<Db:°y 
^ 3 2 9 g Sr#fcic H P L C T-i)-^ff bfc t ^ fe<b^« 10 0 HX^tt^ 

S/S;-e#?>iLfc (R) - 3-^^/^^=¥1^^^l 6 9 g (1. 2 9mmol) 

^-^tf t° y v'^^^ 7 5 4 g ^^*J 5 O T o r r Ir^iESM f y v?>-^^* 

Jfe (R) -3-7«^/^-^^i?-V^^l 9 7 g#fCo (R) -3-^^/1^^ 
dri^V^l 9 0 g^^lJl OTo r r "C^i^b. (R) - 3 1 

5 2 g m-^f^'^^M. 1 . 1 7 m o K J|Jl* 9 0 9 9. 3 %) #fCo 
^ 7 /I'^^-^'f (^^^x ^^^^(i 9 9. 5 % e e -e o fco 

fes (s) -2-^>'df y—/uh^\>^\-t (s) -2-^^i^y— /u-^i^Tt^^fgd^o 
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1. '^^mm\.<it.mw^^i^mk. m^±^^\^<iim^mm!^. 

e. si±(^^^^^<^ (s) -2— <i/i5'y-/^^^^-r5;ii;os-T?^> t^^^co 

^3KJ-J:oBU*3!S&b:^tV^^0^^2-^^-^7i^t^f^ffl^'^:fc^:%l-> 9 5%e. 

fejgtt^&^img (s) -2— ^i^y-/w/g^^«ff«*/'^PBT eA_h-es>^^ 

(Brettanomyces) ^^l^y^^-^^ (Candida) ^J^TT (Hortaea) ^ 
•^^^3l>'^T (Issatchenkia) o -jyT^p-^-T-fe^ (Lodderomyces) tT^^f^ 
T (Pichia) Kf/V'^ (Rhodotorula) Ms T/l^:^ ci^'-^i^ — (Arthrobacter) 

M , If /-^ 7^ il (Brevibacterium) JR. i5'/^b/^i5'7"J^l>i^ 

(Crutobacterium) JS. ^^^/^^JV:^ (Geobacillus) M x ^ ^ ^ T )) 
(Microbacterium) M X '^^x:i^^-i7 h^A (Ochrobactrum) Ms 7 5/ 
(Paracoccus) JR. P )/ tf"^ (Rhizobium) JR. o K ^ (Rhodococcus) M:^)^ 

71 



wo 2005/075651 PCT/JP2005/002093 

-fr. (S) -2— (s) -2— 

t-r^myt^m^ (s) -2—<>^ (s) -2-^^^ y -^i^com^^:^ 

(Brettanomyces) ^^l^'r^^' (Candida) i^/^yy-T (Hortaea) 
1^^c3l>'^T (Issatchenkia) Mx n 5/-^ C3 -^-Y ir:^ (Lodderomyces) Mx tfdr 
T (Pichia) Mx a K h/l^^ (Rhodotorula) Mx T/^;^a/^^ tJ' — (Arthrobacter) 
JRx ^l/tfx^i^T^vjT^A (Brevibacterium) JS, i^yl^h^^^xy^^A 
(Qrutobacterium) JR x (Geobacillus) Mx ^^ci/^^7^1)'^'A 

(Microbacterium) JRx -^^xi/^^Vy-t^^ (Ochrobactrum) ^ x ^^'y ^ v ^ 
(Paracoccus) Mx y ^ t* "J^ A (Rhizobium) Jgx P K = (Rhodococcus) Wki)^h 

■^^^^^tc^mm^mm. wmu^mm. wmmi^mm. Rxj^yxi-^. mm 

(s) -2--<iy^ (s) -2-^^-f-/—;v:^±f^^^^:Lt^<!^Wit 

•r^n^^nm is) -2-^-^^^ y -/i^jn-x (s)-2— ^=¥if-y-/KDi^>t:^fe„ 

5 . Wi^^ d^x Zf^-y^y-^^-^:^ ' ZffV ^^Ul^-^:y. (Brettanomyces 
bruxellensis) x T/l^^/^/'V-^-fe^'T/'x'^-^ (Brettanomyces anomalus) x ^ 
• ~7T'^'—'^ (Candida fainata)x ^t'>'T'<-$'^ ' i^/W-fe-Y (Candida 
krusei) x \ >"7^ W ^ • '^J'^ b ^f* (Candida maltosa) x ^ -Y >'X-f t?^ • b n t" 

y (Candida tropicalis) x ^ i^V^-f ^ • ^ ^ / ^ "7^;^ (Candida 
zeylanoides) x ^/l^T'T • iJ'^ /W^^'^^ (Hortaea werneckii) x -y-^^riV^T • 
(Issatchenkia scutulata) X a 5'-7^n-=?'>j'-fe;;^ . oin ^ 
^ (Lodderoniyceselongisporus)x tf=^T • T ^ (Pichia angust a) x t:°=^T * 

^-/-fe-f (Pichia besseyi), fc'^T • h 37 ^ ^ (Pichia cactophi la) v 

T • -fe=flf3^>'iy;:^ (Pichia segobiensis) x t'^T • ^y-^/V^^ -^oc (Pichia 
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spartinae). tf^T • M^/no^^^ (Pichia trehalophila), o K h/W^ * ^ 

— ^ (Rhodotorula minuta) . T/WX ^/^-^ ^ ^^^^yT^ (Arthrobacter 

oxydans) ^T/l^x^ci^'^^^ /KyrJ^n (Arthrobacter polychromogenes) x 

TfVTsn^^^ 9^ ' 3^;^ tf— (Arthrobacter sp.)^ T A'T.xx/^^^ ^ :^tvyxi 

t7 (Arthrobacter sulfurous) . zfU\f^^^'TV^-l^'':f^=^:^'^ 
(Brevibacterium butanicum) ^ ^ xi Y ^^-^^ T ]) ' "7 ^ =^ ■^'^ 7 iy^^iyp. 
(Curtobacterium f laccumfaciens) s -ir • -:^7^T^i^ — •^E-y'W^^ 

(Geobacillus stearothermophilus) ^ ^ ^ n T ]) ^ ' '^'7 ^ ^ 3 f-^^ 
(Microbacterium keratanolyticum) . 

(Microbacter ium saperdae) ^^-i^ xi/^^ifT t7 -l^^^^T. (Microbacterium sp. ) ^ 
XI /^^f- y !>i>> • -t".:^ 'J'i^ (Microbacterium testaceum) ^ xi^^V^ 
A . T >' h o f — (Ochrobactrum anthropi) . ^ ^ xi ^ V =7 J>> ' l^"'- 
(Ochrobactrum sp. ) (i/^— K^^^ • '^'^^ y ^ (Pseudomonas ovalis)) , /^y ^ 
V^7^ ' -r ^ h y :7 ^ (Pracoccus denitrif icans) . y ^> • ^ v^^^^ 

'^7 ^ — (Rhizobium radiobacter) 'BCXJ^ xi Y ^ V i3 7^ ' =^^^^ (Rhodococcus 
sp. ) ( zi y ;^ ^ X y !> -iv • Y XI -fy ^ =7 ^ 1^ (Corynebacterium 

hydrocarboclastum) ) b T^ii ^ i: 0 ^-5 '^^^l^-X? § CI i: ^ #m ^ f ^ l« 

6. 2-^v<J?/ i/X(±2--^^i^/ TIB (A) ~ (F) (O^M^co-D 
(S) -2.-^1^^ J—)^yUit (S) -2-^^1^/— 

^i-r^i^^fe^^^ (s) -2-<^i?'y-/vxji (s) -2— ^-y-/-/K^Mag 
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(c) iB^j#-^ 1 Kmm.<oT 5 / ^ia^j t s o %u±(Di^^^^m-r^TK j w 
(D) W9m^ 2 \c^m.(om&^n^^^^ d n Ao 
~/u^^^-r ^ Bi;^^^i--5 ^ ^-'■^iJ' K-r ^:^»ia^'j^w-r s D N A„ 

(F) wmm^ 2 {c|2«c<75ii:SiB^J* fci{i^<7?*B«iB^J ;^ h y ^v?::^ h 
A„ 

7. TIS-^^ (1) 



x-m^nh%^m^^^-r^ (r) (s) -i-^^/vT/v^/^-^ov^>ir 

t-t^: TIB— (5) 



•vm^fi^ (R) Xi-i (S) -3-;'{^/^;«7/i'7}?i^^<DM5t:fe-feo 
8. TIE— (2) 

OH (2) 




CO2H ( 1 ) 




(5) 
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-Wt^ (3) 



X (3) 

(9) 

-e^$tt-5i^*^:^3^J^S^&$*. TIB— (4) 

(4) 

(1) 



C02H ( 1 ) 

Xm^tl^ (R) X{i (S) - 1 -p{^/VT/l^=5r/^^i3^m(?5^jt::fr^o 
9. TIH-IS:^ (1) 



C02H ( 1 ) 

T'^ $ tl^ %^mmf>^ 9 0 % e e &.±-tT^^ ( R ) - 1 - P« ^/^T/l^^^f /w n >- 
Xn. (S) — 1 — ^^/WT/l^^/W-^n ^'^o 
1 0. R^dSn-:/p tVw^Xtin-.^^^/i-S-efcSr i:<lr#mi:i-^l»* 
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^9Kmi^(D (R) - 1 -pt^/l'T/l^^ir/l^-va:^^, Xit.. (S) -l-p^^/V-T 

m\^^^m^m^vfj:\^^^mPF^2-^>'i$' y^'iz.f^m^'^tit^i'i. 9 5%e. 

^m^ii^ lOmg (S)-2-^i/i5'y g #:S»/'^r^ i^X Jt 3? ^ 

f^ffi$^. (S) -2--<^^^/-/W--^;^mU. #f>ttfc (S) -2— <^^>5'y-/^ 
^ (6) 

12. 2---^^i?-/:yi:RiSUT (S) -2--^=3?^lh/-/V'^^f[fei-5fi&ttSr* 
^^^:J;5S^^ll^b^^v^^t0^2^Sr2--^^i^y ^tcf^^$-^fc.J: t{-> 9 5%e. 

e. £X±(7)^^$e^o (s) -2-^^i^y— t^<>^(o 
!feS#;&siomg (s) -2-^=^r1^y— /v/g^^ffi^ma/^^l j5;lJi-e*>6 

ifm^^. (s) -2---:3ri?-y — #e>ixfc (s) -2— ^=¥ify— /V 

;^/Vjj^^/Hk^Ji:Si?::$-^-5r TIE— (6) 
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^ (6) 

1 3. #btbfc-^^ (6) -c-^$tt^^^?gi4^^^. :^S#&T. 
(9) 

(9) 

(7) 

14. IJH-il 2i:imm<Dljm^^'0mhtiti—^^ (6) -e^s 

^m^^T. (9) 

(9) 

xm^ti^mm-^mMtKJt^^-^. Tm-^^ (7) 

(7) 
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xm^ti^ (R) - l-T^^/^^^/^-^i^^'^Xf* (R) -l-?ti^Ji-^>'f-/i- 

(R) - 1 - ^ 13 ^@?<oMit;^feo 

1 5 . ti^^ 1 1 1 2 ^c|E4fe(7>^&{^: J; t) # ^tufc— ( 6 ) xm $ 
tt^^^iStt^?:. :^£^^T. (9) 



(9) 

xm^fi^mm^^ntKJt^^^. tie— (?) 



(^ifj. R2^t/R3{iH&iB^lRlft-efe5o R^{:in-:7"D fcV^SX^in-:/^/^ 
# ^;^fc5fe#^mb'a-^%iD7k^^-r S :iti^X'0 TIB— ( 8 ) 



xm^ti^ (R) - l-p^^/^:^'^/^-^^ ^^^^^ (R) - l-^^/v-O'^^/i^ 



CO2H ( 8 ) 





(7) 



,4 J^COaH 

CO2H ( 8 ) 
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$^lC#^tT.fc (R) - 1 -y5^>'V:/^/l'-=ra>'MX{'i (R) 
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SEQUENCE LISTING 
<110> API Corporation 

<120> A method for the production of optically active alcohols and 

carboxylic acids 

<130> A51051A 

<160> 13 

<210> 1 

<211> 345 

<212> PRT 

<213> Issatchenkia scutulata 
<400> 1 

Met Ser Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala 

15 10 15 

Leu His He He Asp Asn Leu Leu Ser Lys Gly Tyr Ser Val He Gly 

20 25 30 

Thr Ala Arg Ser Gin Ser Lys Tyr Gin Pro He Leu Asp Ala Phe Lys 

35 40 45 

Lys Lys Tyr Pro Asp Ala Asn Leu Thr Phe Glu Val Val Pro Asp He 

50 55 60 

Ser Thr Glu Asn Ala Phe Asp Asp Val Leu Lys Lys His Pro Glu He 
65 70 75 80 

Thr Ala Val Leu His Thr Ala Ser Pro Phe Ser Phe Gly Leu Asn Lys 

85 90 95 

Asp Leu Lys Glu Ala Tyr Leu Lys Pro Ala Val Asp Gly Thr Leu Asn 

100 105 110 

He Leu Lys Ala He Glu Lys Tyr Ala Pro Gin Val Thr Lys Val Val 
115 120 125 
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lie Thr Ser Ser Tyr Ala Ala He Met Thr Gly Asn Pro Ser His Val 

130 135 140 

His Thr Ser Glu Thr Trp Asn Pro He Asn Trp Glu Asn Asp Val Lys 
145 150 155 160 

Asn Glu Tyr Phe Ala Tyr He Ala Ser Lys Thr Tyr Ala Glu Lys Ala 

165 170 175 

Ala Arg Asp Phe Val Lys Glu His Lys Val Asn Phe Lys Leu Ala Thr 

180 185 190 

Val Asn Pro Pro Tyr Val Leu Gly Pro Gin Leu Phe Asp Phe Ser Val 

195 200 205 

Gly Pro Val Leu Asn Thr Ser Asn Gin Leu He Thr Asp Ala Thr Lys 

210 215 220 

He Asp Lys Asn Ser Thr Lys Pro Glu Leu Gly Thr Pro Ala Leu Ala 
225 230 235 240 

Val Asp Val Arg Asp Val Ala Ala Phe His Val Leu Pro Leu Glu Asp 

245 250 255 

Asp Lys Val Ala Ser Glu Arg Leu Phe He Val Ala Gly Pro Ala Val 

260 265 270 

Val Gin Thr Phe Leu Asn He He Asn Glu Asn He Pro Glu Leu Lys 

275 280 285 

Gly Lys Val Ala Leu Gly Asp Pro Ala Ser Glu Lys Glu Leu He Glu 

290 295 300 

Lys His Thr Asp Lys Tyr Asp Leu Thr Asn Leu His Asn Val He Gly 
305 310 315 320 

Lys Tyr Asp Phe He Pro Val Glu Lys Ser Val Val Asp Val Leu Glu 

325 330 335 

Gin Tyr Tyr Lys He Asn Lys He Asp 
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340 


345 




<210> 2 








<211> 1038 






<212> DNA 








<213> Issatchenkia scutulata 




<400> 2 








atgtcgaaca 


aaacagttct 


agtcaccggg gctaccggtt ttattgcact 


acacatcatt 60 


gataatttat 


tgtctaaggg 


ttattccgtt attggtacag ctagatccca 


atctaaatat 120 


caaccaatcc 


ttgatgcttt 


caagaaaaaa taccctgatg caaatttgac 


ttttgaagtt 180 


gtccctgaca 


tctccactga 


aaacgcattc gatgatgttt tgaagaagca 


tccagaaatt 240 


actgctgtcc 


ttcacacagc 


atctccattc tcttttggtt tgaacaagga 


tctgaaggaa 300 


gcatatttga 


agcctgccgt 


tgatggtact ttgaatattc tcaaggcaat 


tgagaagtat 360 


gcaccacagg 


ttactaaagt 


tgttatcaca tcttcttatg ctgcaattat 


gacaggtaat 420 


ccaagtcatg 


tccacaccag 


tgaaacctgg aacccaatta attgggaaaa 


cgatgtgaag 480 


aatgaatact 


ttgcatatat 


tgcctccaag acgtatgctg aaaaagctgc 


gagagatttt 540 


gtcaaggagc 


ataaggtcaa 


tttcaagtta gcaactgtta acccaccata 


cgttctgggt 600 


ccacaattat 


ttgacttctc 


agttggtcca gtcttgaaca cttccaacca 


attgatcacg 660 


gatgcgacta 


aaattgataa 


gaactctact aagccggaat taggtacacc 


agctttagca 720 


gtcgatgtta 


gagatgttgc 


tgcgttccat gttttaccat tggaagatga 


taaagttgca 780 


agtgaaagat 


tatttattgt 


tgctggtcca gcagttgttc aaacattctt 


aaacatcatc 840 


aacgagaaca 


ttccagaact 


taaaggtaag gttgccctag gagatccagc 


ttcagagaag 900 


gagttgattg 


aaaagcacac 


agataagtat gatttgacaa atcttcacaa 


cgttattggt 960 


aaatatgatt 


tcattccagt 


tgaaaagtcc gttgtcgacg tcttagaaca 


atattacaaa 1020 


atcaataaaa 


ttgattag 




1038 


<2I0> 3 








<211> 344 








<212> PRT 
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<213> Saccharomyces cerevisiae 
<400> 3 

Met Ser Asn Thr Val Leu Val Ser Gly Ala Ser Gly Phe He Ala Leu 

15 10 15 

His He Leu Ser Gin Leu Leu Lys Gin Asp Tyr Lys Val He Gly Thr 

20 25 30 

Val Arg Ser His Glu Lys Glu Ala Lys Leu Leu Arg Gin Phe Gin His 

35 40 45 

Asn Pro Asn Leu Thr Leu Glu He Val Pro Asp He Ser His Pro Asn 

50 55 60 

Ala Phe Asp Lys Val Leu Gin Lys Arg Gly Arg Glu He Arg Tyr Val 
65 70 75 80 

Leu His Thr Ala Ser Pro Phe His Tyr Asp Thr Thr Glu Tyr Glu Lys 

85 90 95 

Asp Leu Leu He Pro Ala Leu Glu Gly Thr Lys Asn He Leu Asn Ser 

100 105 110 

He Lys Lys Tyr Ala Ala Asp Thr Val Glu Arg Val Val Val Thr Ser 

115 120 125 

Ser Cys Thr Ala He He Thr Leu Ala Lys Met Asp Asp Pro Ser Val 

130 135 140 

Val Phe Thr Glu Glu Ser Trp Asn Glu Ala Thr Trp Glu Ser Cys Gin 
145 150 155 160 

He Asp Gly He Asn Ala Tyr Phe Ala Ser Lys Lys Phe Ala Glu Lys 

165 170 175 

Ala Ala Trp Glu Phe Thr Lys Glu Asn Glu Asp His He Lys Phe Lys 

180 185 190 

Leu Thr Thr Val Asn Pro Ser Leu Leu Phe Gly Pro Gin Leu Phe Asp 
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195 200 205 

Glu Asp Val His Gly His Leu Asn Thr Ser Cys Glu Met He Asn Gly 

210 215 220 

Leu lie His Thr Pro Val Asn Ala Ser Val Pro Asp Phe His Ser He 
225 230 235 240 

Phe He Asp Val Arg Asp Val Ala Leu Ala His Leu Tyr Ala Phe Gin 

245 250 255 

Lys Glu Asn Thr Ala Gly Lys Arg Leu Val Val Thr Asn Gly Lys Phe 

260 265 270 

Gly Asn Gin Asp He Leu Asp He Leu Asn Glu Asp Phe Pro Gin Leu 

\ 275 280 285 

Arg Gly Leu He Pro Leu Gly Lys Pro Gly Thr Gly Asp Gin Val He 

290 295 300 

Asp Arg Gly Ser Thr Thr Asp Asn Ser Ala Thr Arg Lys He Leu Gly 
305 310 315 320 

Phe Glu Phe Arg Ser Leu His Glu Ser Val His Asp Thr Ala Ala Gin 

325 330 335 

He Leu Lys Lys Glu Asn Arg Leu 
340 

<210> 4 
<211> 18 
<212> PRT 

<213> Issatchenkia scutulata 
<400> 4 

Arg Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala Leu 

15 10 15 

Asp He 
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<210> 5 
<211> 15 

<212> PRT 

<213> Issatchenkia scutulata 
<400> 5 

Val Val He Thr Ser Ser Tyr Ala Ala He Met Thx Gly Asn Pro 



1 


5 


<210> 


6 


<211> 


23 


<212> 


DNA 


<213> 


Artificial 


<220> 




<223> 


PGR primer 


<220> 




<221> 


misc_feature 


<222> 


(3).. (3) 


<223> 


jif inosine 


<220> 




<221> 


inisc_feature 


<222> 


(6).. (6) 


<223> 


n; inosine 


<220> 




<221> 


misc_f eature 


<222> 


(15).. (15) 


<223> 


n^ inosine 


<220> 




<221> 


misc_feature 
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<222> (18).. (18) 

<223> n; inosine 

<400> 6 

acnggnttya thgcnytnga yat 

<210> 7 

<211> 26 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 
<220> 

<221> inisc_featiire 

<222> (6).. (6) 

<223> n; inosine 
<220> 

<221> misc_feature 

<222> (9)..(9)<223> n; inosine 

<220> 

<221> misc_feature 

<222> (18) . . (18) 

<223> n; inosine 
<220><221> misc_feature 

<222> (21).. (21) 

<223> n; inosine 

<400> 7 

ggrttnccng tcatdatngc ngcrta 

<210> 8 
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<211> 341 

<212> DMA 

<213> Issatchenkia scutulata 
<400> 8 

cattgataat ttattgtcta agggttattc cgttattggt acagctagat cccaatctaa 60 

atatcaacca atccttgatg ctttcaagaa aaaataccct gatgcaaatt tgacttttga 120 

agttgtccct gacatctcca ctgaaaacgc attcgatgat gttttgaaga agcatccaga 180 

aattactgct gtccttcaca cagcatctcc attctctttt ggtttgaaca aggatctgaa 240 

ggaagcatat ttgaagcctg ccgttgatgg tactttgaat attctcaagg caattgagaa 300 

gtatgcacca caggttacta aagttgttat cacatcttct t 341 

<210> 9 

<211> 28 

<212> DMA 

<213> Artificial 

<220> 

<223> PCR primer 
<400> 9 

agggttattc cgttattggt acagctag 28 

<210> 10 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 
<400> 10 

gagaatggag atgctgtgtg aaggacagca g 31 
<210> 11 
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<211> 1212 
<2I2> DNA 

<213> Issatchenkia scutulata 
<220> 

<221> CDS 

<222> (55).. (1092) 

<223> 

<400> 11 

tcatgacctg tccactgata gcatcatacc aaacatattc agtatattgt aaca atg 57 

Met 
1 

teg aac aaa aca gtt eta gtc aec ggg get acc ggt ttt att gca eta 105 
Ser Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala Leu 

5 10 15 

cac ate att gat aat tta ttg tct aag ggt tat tee gtt att ggt aca 153 
His He He Asp Asn Leu Leu Ser Lys Gly Tyr Ser Val He Gly Thr 

20 25 30 

get aga tec eaa tct aaa tat caa cca ate ctt gat get ttc aag aaa 201 
Ala Arg Ser Gin Ser Lys Tyr Gin Pro He Leu Asp Ala Phe Lys Lys 

35 . 40 45 

aaa tac eet gat gca aat ttg act ttt gaa gtt gtc cct gae ate tee 249 
Lys Tyr Pro Asp Ala Asn Leu Thr Phe Glu Val Val Pro Asp He Ser 
50 55 60 65 

act gaa aac gca ttc gat gat gtt ttg aag aag cat cca gaa att act 297 
Thr Glu Asn Ala Phe Asp Asp Val Leu Lys Lys His Pro Glu He Thr 

70 75 80 

get gtc ctt cac aca gca tct cca ttc tct ttt ggt ttg aac aag gat 345 
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Ala Val Leu His Thr Ala Ser Pro Phe Ser Phe Gly Leu Asn Lys Asp 

85 90 95 

ctg aag gaa gca tat ttg aag cct gcc gtt gat ggt act ttg aat att 393 
Leu Lys Glu Ala Tyr Leu Lys Pro Ala Val Asp Gly Thr Leu Asn He 

100 105 110 

etc aag gca att gag aag tat gca cca cag gtt act aaa gtt gtt ate 441 
Leu Lys Ala He Glu Lys Tyr Ala Pro Gin Val Thr Lys Val Val He 

115 120 125 

aca tct tct tat get gca att atg aca ggt aat cca agt cat gtc cac 489 
Thr Ser Ser Tyr Ala Ala He Met Thr Gly Asn Pro Ser His Val His 
130 135 140 145 

acc agt gaa acc tgg aac cca att aat tgg gaa aac gat gtg aag aat 537 
Thr Ser Glu Thr Trp Asn Pro He Asn Trp Glu Asn Asp Val Lys Asn 

150 155 160 

gaa tac ttt gca tat att gcc tec aag acg tat get gaa aaa get gcg 585 
Glu Tyr Phe Ala Tyr He Ala Ser Lys Thr Tyr Ala Glu Lys Ala Ala 

165 170 175 

aga gat ttt gtc iaag gag cat aag gtc aat ttc aag tta gca act gtt 633 
Arg Asp Phe Val Lys Glu His Lys Val Asn Phe Lys Leu Ala Thr Val 

180 185 190 

aac cca cca tac gtt ctg ggt cca caa tta ttt gac ttc tea gtt ggt 681 
Asn Pro Pro Tyr Val Leu Gly Pro Gin Leu Phe Asp Phe Ser Val Gly 

195 200 205 

cca gtc ttg aac act tec aac caa ttg ate acg gat gcg act aaa att 729 
Pro Val Leu Asn Thr Ser Asn Gin Leu He Thr Asp Ala Thr Lys He 
210 215 220 225 

gat aag aac tct act aag ccg gaa tta ggt aca cca get tta gca gtc 777 
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Asp Lys Asn Ser Thr Lys Pro Glu Leu Gly Thr Pro Ala Leu Ala Val 

230 235 240 

gat gtt aga gat gtt get gcg ttc cat gtt tta cca ttg gaa gat gat 825 
Asp Val Arg Asp Val Ala Ala Phe His Val Leu Pro Leu Glu Asp Asp 

245 250 255 

aaa gtt gca agt gaa aga tta ttt att gtt get ggt oca gca gtt gtt 873 
Lys Val Ala Ser Glu Arg Leu Phe He Val Ala Gly Pro Ala Val Val 

260 265 270 

caa aca ttc tta aac ate ate aac gag aae att eea gaa ctt aaa ggt 921 
Gin Thr Phe Leu Asn He He Asn Glu Asn He Pro Glu Leu Lys Gly 

275 280 285 

aag gtt gee eta gga gat cca get tea gag aag gag ttg att gaa aag 969 
Lys Val Ala Leu Gly Asp Pro Ala Ser Glu Lys Glu Leu He Glu Lys 
290 295 300 305 

eae aca gat aag tat gat ttg aca aat ctt cae aac gtt att ggt aaa 1017 
His Thr Asp Lys Tyr Asp Leu Thr Asn Leu His Asn Val He Gly Lys 

310 315 320 

tat gat ttc att cca gtt gaa aag tec gtt gtc gac gtc tta gaa caa 1065 
Tyr Asp Phe He Pro Val Glu Lys Ser Val Val Asp Val Leu Glu Gin 

325 330 335 

tat tac aaa ate aat aaa att gat tag tttatataga aaattttata 1112 
Tyr Tyr Lys He Asn Lys He Asp 
340 345 
gctaaaggee gaatcaactt etttcttect ettcaaaaaa aaaaaaaaaa aaaaaaaaaa 1172 
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1212 
<210> 12 
<211> 35 
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<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 

<400> 12 

cggaattcat gtcgaacaaa acagttctag tcacc 35 

<210> 13 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 

<400> 13 

gctctagatt aatcaatttt attgattttg taatattg 38 
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